per 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 
± : £ — 



(51) International Patent Classification 5 
A61K 48/00 



Al 



(11) International Publication Number: WO 94/05333 

(43) International Publication Date : 1 7 March 1 994 ( 1 7.03.94) 



(21) International Application Number: PCT/US93/08101 

(22) International Filing Date : 27 August 1 993 (27.08.93) 



(30) Priority data: 

07/939,855 
08/007,997 
08/063,167 



2 September 1 992 (02.09.92) US 
21 January 1993 (21,01.93) US 
17 May 1993 (17.05.93) US 



(71) Applicant: ISIS PHARMACEUTICALS, INC. [US/US]; 

2280 Faraday Avenue, Carlsbad, CA 92008 (US). 

(72) Inventors: BENNET, C, Frank ; 2613 Valewood, Carls- 

bad, CA 92008 (US). MIRABELLI, Christopher, K. ; 6 
Pine Street, Dover, MA 02030 (US). 

(74) Agent: LICATA, Jane, Massey; Woodland Falls Corporate 
Park, 210 Lake Drive East, Suite 201, Cherry Hill, NJ 
08002 (US). 



(81) Designated States: AU, BB, BG, BR, BY, CA, CZ, FI, HU, 
JP, KP, KR, KZ, LK, MG, MN, MW, NO, NZ, PL, RO, 
RU, SD, SK, UA, VN, European patent (AT, BE, CH 
DE, DK, ES, FR, GB, GR, IE, IT, LU, MC, NL, PT, 
SE), OAPI patent (BF, BJ, CF, CG, CI, CM, GA, GN, 
ML, MR, NE, SN, TD, TG). 



Published 

With international search report. 



V 



(54) Title: OLIGONUCLEOTIDE MODULATION OF CELL ADHESION 
(57) Abstract 

Compositions and methods are provided for the treatment and diagnosis of diseases amenable to treatment through modu- 
lation of the synthesis or metabolism of intercellular adhesion molecules. In accordance with preferred embodiments, oligonucle- 
otides are provided which are specifically hybridizable with nucleic acids encoding intercellular adhesion molecule- 1, vascular 
cell adhesion molecule-l, and endothelial leukocyte adhesion molecule-I. The oligonucleotide comprises nucleotide units suffi- 
cient.in identity and number to effect said specific hybridization. In other preferred embodiments, the oligonucleotides are specif- 
ically hybridizable with a transcription initiation site, a translation initiation site, 5'-untranslated sequences, 3'-untranslated se- 
quences, and intervening sequences. Methods of treating animals suffering from disease amenable to therapeutic intervention by 
modulating cell adhesion proteins with an oligonucleotide specifically hybridizable with RNA or DNA corresponding to one of 
the foregoing proteins are disclosed. Methods for treatment of diseases responding to modulation cell adhesion molecules are dis- 
closed. 
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OLIGONUCLEOTIDE MODULATION OF CELL ADHESION 



FIELD OF THE INVENTION 

This invention relates to diagnostics, research 
reagents and therapies for disease states which respond to 
5 modulation of the synthesis or metabolism of cell adhesion 
molecules. In particular, this invention relates to antisense 
oligonucleotide interactions with certain messenger ribonucleic 
acids (mRNAs) or DNAs involved in the synthesis of proteins 
that regulate adhesion of white blood cells to other white 
10 blood cells and to other cell types. Antisense 
oligonucleotides designed to hybridize to the mRNA encoding 
intercellular adhesion molecule-1 (ICAM-1), endothelial 
leukocyte adhesion molecule-1 (ELAM-1, also known as E- 
selectin), and vascular cell adhesion molecule-1 (VCAM-1) are 
15 provided. These oligonucleotides have been found to lead to 
the modulation of the activity of the RNA or DNA, and thus to 
the modulation of the synthesis and metabolism of specific cell 
adhesion molecules. Palliation and therapeutic effect result. 

BACKGROUND OF THE INVENTION 

20 Inflammation is a localized protective response 

elicited by tissues in response to injury, infection, or tissue 
destruction resulting in the destruction of the infectious or 
injurious agent and isolation of the injured tissue. Atypical 
inflammatory response proceeds as follows: recognition of an 
25 antigen as foreign or recognition of tissue damage, synthesis 
and release of soluble inflammatory mediators, recruitment of 
inflammatory cells to the site of infection or tissue damage, 
destruction and removal of the invading organism or damaged 
tissue, and deactivation of the system once the invading 
30 organism or damage has been resolved. In many human diseases 
with an inflammatory component, the normal, homeostatic 
mechanisms which attenuate the inflammatory responses are 
defective, resulting in damage and destruction of normal 
tissue. . 

35 Cell-cell interactions are involved in the activation 

of the immune response at each of the stages described above. 
One of the earliest detectable events in a normal inflammatory 
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response is adhesion of leukocytes to the vascular endothelium, 
followed by migration of leukocytes out of the vasculature to 
the site of infection or injury. The adhesion of these 
leukocytes, or white blood cells, to vascular endothelium is an 
5 obligate step in the migration out of the vasculature. Harlan, 
J.M., Blood 1985, 65, 513-525. In general, the first 
inflammatory cells to appear at the site of inflammation are 
neutrophils followed by monocytes, and lymphocytes- Cell-cell 
interactions are also critical for propagation of both B- 

10 lymphocytes and T-lymphocytes resulting in enhanced humoral and 
cellular immune responses, respectively. 

The adhesion of . white blood cells to vascular 
endothelium and other cell types is mediated by interactions 
between specific proteins, termed "adhesion molecules, " located 

15 on the plasma membrane of both white blood cells and vascular 
endothelium. The interaction between adhesion molecules is 
similar to classical receptor ligand interactions with the 
exception that the ligand is fixed to the surface of a cell 
instead of being soluble. The identification of patients with 

20 a genetic defect in leukocyte adhesion has enabled 
investigators to identify a family of proteins responsible for 
adherence of white blood cells. Leukocyte adhesion deficiency 
(LAD) is a rare autosomal trait characterized by recurrent 
bacterial infections and impaired pus formation and wound 

25 healing. The defect was shown to occur in the common B-subunit 
of three heterodimeric glycoproteins, Mac-1, LFA-1, and 
pl50,95, normally expressed on the outer cell membrane of white 
blood cells. Anderson and Springer, Ann.' Rev. Med. 1987, 38, 
175-194. Patients suffering from LAD exhibit a defect in a 

30 wide spectrum of adherence-dependent functions of granulocytes, 
monocytes, and lymphocytes. Three ligands for LFA-1 have been 
identified, intercellular adhesion molecules 1, 2 and 3 ( ICAM- 
1, ICAM-2 and ICAM-3). Both Mac-1 and pl50,95 bind complement 
fragment C3bi and perhaps other unidentified ligands. Mac-1 

35 also binds ICAM-1. 

Other adhesion molecules have been identified which 
are involved in the adherence of white blood cells to vascular 
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endothelium and subsequent migration out of the vasculature. 
These include endothelial leukocyte adhesion molecule-1 ( ELAM- 
1), vascular cell adhesion molecule- 1 (VCAM-1) and granule 
membrane protein-140 (GMP-140) and their respective receptors. 
5 The adherence of white blood cells to vascular endothelium 
appears to be mediated in part if not in toto by the five cell 
adhesion molecules ICAM-1, I CAM- 2, ELAM-1, VCAM-1 and GMP-140. 
Dustin and Springer, J. Cell Biol. 1987, 107, 321-331. 
Expression on the cell surface of ICAM-1, ELAM-1, VCAM-1 and 

10 GMP-140 adhesion molecules is induced by inflammatory stimuli. 
In contrast, expression of ICAM-2 appears to be constitutive 
and not sensitive to induction by cytokines. In general, GMP- 
140 is induced by autocoids such as histamine, leukotriene B 4 , 
platelet activating factor, and thrombin. Maximal expression 

15 on endothelial cells is observed 30 minutes to 1 hour after 
stimulation, and returns to baseline within 2 to 3 hours. The 
expression of ELAM-1 and VCAM-1 on endothelial cells is induced 
by cytokines such as interleukin-lB and tumor necrosis factor, 
but not gamma-interferon. Maximal expression of ELAM-1 on the 

20 surface of endothelial cells occurs 4 to 6 hours after 
stimulation and returns to baseline by 16 hours. ELAM-1 
expression is dependent on new mRNA and protein synthesis. 
Elevated VCAM-1 expression is detectable 2 hours following 
treatment with tumor necrosis factor, is maximal 8 hours 

25 following stimulation, and remains elevated for at least 48 
hours following stimulation. Rice and Bevilacqua, Science 
1989, 246, 1303-1306. ICAM-1 expression on endothelial cells 
is induced by cytokines inter leukin-1 tumor necrosis factor and 
gamma-interferon. Maximal expression of ICAM-1 follows that of 

30 ELAM-1 occurring 8 to 10 hours after stimulation and remains 
elevated for at, least 48 hours. 

•GMP-140 and ELAM-1 are primarily involved in the 
adhesion of neutrophils to vascular endothelial cells. VCAM-1 
primarily binds T and B lymphocytes. In addition, VCAM-1 may 

35 play a role in the metastasis of melanoma, and possibly other 
cancers. ICAM-1 plays a role in adhesion of neutrophils to 
vascular endothelium, as well as adhesion of monocytes and 
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lymphocytes to vascular endothelium, tissue fibroblasts and 
epidermal keratinocytes . ICAM-1 also plays a role in T-cell 
recognition of antigen presenting cell, lysis of target cells 
by natural killer cells, lymphocyte activation and 
5 proliferation, and maturation of T cells in the thymus. in 
addition, recent data have demonstrated that ICAM-l is the 
cellular receptor for the major serotype of rhinovirus, which 
account for greater than 50% of common colds . Staunton et al . , 
Cell 1989, 56, 849-853; Greve et al., Cell 1989, 56, 839-847. 
10 Expression of ICAM-1 has been associated with a 

variety of inflammatory skin disorders such as allergic contact 
dermatitis, fixed drug eruption, lichen planus, and psoriasis; 
Ho et al., J. Am. Acad. Dermatol. 1990, 22, 64-68; Griffiths 
and Nickoloff, Am. J. Pathology 1989, 135, 1045-1053; Lisby et 
15 al., Br. J. Dermatol. 1989,120, 479-484; Shiohara et al., Arch. 
Dermatol. 1989, 125, 1371-1376. In addition, ICAM-1 expression 
has been detected in the synovium of patients with rheumatoid 
arthritis; Hale et al., Arth. Rheum. 1989, 32, 22-30, 
pancreatic B-cells in diabetes; Campbell et al., Proc. Natl. 
20 Acad. Sci. U.S.A. 1989, 86, 4282-4286; thyroid follicular cells 
in patients with Graves* disease; Weerman et al., J. 
Endocrinol. 1989, 122, 185-191; and with renal and liver 
allograft rejection; Faull and Russ, Transplantation 1989, 48, 
226-230; Adams et al.. Lancet 1989, 1122-1125. 
25 lt is has been hoped that inhibitors of ICAM-1, VCAM-1 

and ELAM-1 expression would provide a novel therapeutic class 
of anti-inflammatory agents with activity towards a variety of ' 
inflammatory diseases or diseases with an inflammatory 
component such as asthma, rheumatoid arthritis, allograft 
30 rejections, inflammatory bowel disease, various dermatological 
conditions, and psoriasis. In addition, inhibitors of ICAM-1 , 
VCAM-1, and ELAM-1 may also be effective in the treatment of 
colds due to rhinovirus infection, AIDS, Kaposi's sarcoma and 
some cancers and their metastasis. To date, there are no known 
35 therapeutic agents which effectively prevent the expression of 
the cellular adhesion molecules ELAM-1, VCAM-1 and ICAM-1. The 
use of neutralizing monoclonal antibodies against ICAM-1 in 
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animal models provide evidence that such inhibitors if 
identified would have therapeutic benefit for asthma; Wegner et 
al., Science 1990, 247, 456-459, renal allografts; Cosimi et 
al., J. Immunol. 1990, 144, 4604-4612, arid cardiac allografts; 
5 isobe et al., Science 1992, 255, 1125-1127. The use of a 
soluble form of ICAM-1 molecule was also effective in 
preventing rhinovirus infection of cells in culture. Marlin et 
al., Nature 1990, 344, 70-72. 

Current agents which affect intercellular adhesion 
10 molecules include synthetic peptides, monoclonal antibodies, 
and soluble forms of the adhesion molecules. to date,' 
synthetic peptides which block the interactions with VCAM-1 or 
ELAM-1 have not been identified. Monoclonal antibodies may 
prove to be useful for the treatment of acute inflammatory 
15 response due to expression of ICAM-1, VCAM-1 and ELAM-1 . 
However, with chronic treatment, the host animal develops 
antibodies against the monoclonal antibodies thereby limiting 
their usefulness. In addition, monoclonal antibodies are large 
proteins which may have difficulty in gaining access to the 
20 inflammatory site. Soluble forms of the cell adhesion 
molecules suffer from many of the same limitations as 
monoclonal antibodies in addition to the expense of their 
production and their low binding affinity. Thus, there is a 
long felt need for molecules which effectively inhibit 
25 intercellular adhesion molecules. Antisense oligonucleotides 
avoid many of the pitfalls of current agents used to block the 
effects of ICAM-1, VCAM-1 and ELAM-1. 

PCT/US90/02357 (Hession et al.)' discloses DMA 
sequences encoding Endothelial Adhesion Molecules ( ELAMs ) , 
30 including ELAM-1 and VCAM-1 and VCAM-lb. A number of uses for 
these DNA sequences are provided, including (1) production of 
monoclonal antibody preparations that are reactive for these 
molecules which may be used as therapeutic agents to inhibit 
leukocyte binding to endothelial cells; (2) production of ELAM 
35 peptides to bind to the ELAM ligand on leukocytes which, in 
turn, may bind to ELAM on endothelial cells, inhibiting 
leukocyte binding to endothelial cells; (3) use of molecules 
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binding to ELAMS (such as anti-ELAM antibodies, or markers such 
as the ligand or fragments of it) to detect inflammation; (4) 
use of ELAM and ELAM ligand DNA sequences to produce nucleic 
acid molecules that intervene in ELAM or ELAM ligand expression 
at the translational level using antisense -nucleic acid and 
ribozymes to block translation of a specific MRNA either by 
masking MRNA with antisense nucleic acid or cleaving it with a 
ribozyme. It is disclosed that coding regions are the targets 
of choice. For VCAM-1, AUG is believed to be most likely; a 
15-mer hybridizing to the AUG site is specifically disclosed in 
Example 17. 



OBJECTS OF THE INVENTION 

It is a principle object of the invention to provide 

therapies for diseases with an immunological component, 
15 allografts, cancers and metastasis, inflammatory bowel disease, 

psoriasis and other skin diseases, colds, and AIDS through 

perturbation in the synthesis and expression of inflammatory 

cell adhesion molecules. 

It is a further object of the invention to provide 
20 antisense oligonucleotides which are capable of inhibiting the 

function of nucleic acids encoding intercellular adhesion 

proteins. 

Yet another object is to provide means for diagnosis 
of dysfunctions of intercellular adhesion. 
25 These and other objects of this invention will become 

apparent from a review of the instant specification. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGURE 1 is the mRNA sequence of human intercellular 
adhesion molecule-1 ( ICAM-1 ) . 
30 FIGURE 2 is the mRNA sequence of human endothelial 

leukocyte adhesion molecule-1 (ELAM-1). 

FIGURE 3 is the mRNA sequence of human vascular cell 
adhesion molecule-1 (VCAM-1). 

FIGURE 4 is a graphical representation of the 
35 induction of ICAM-1 expression on the cell surface of various 
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human cell lines by interleukin-l and tumor necrosis factor. 

FIGURE 5 is a graphical representation of the effects 
of selected antisense oligonucleotides on ICAM-1 expression on 
human umbilical vein endothelial cells. 
5 FIGURE 6A and 6B are a graphical representation of the 

effects of an antisense oligonucleotide on the expression of 
ICAM-1 in human umbilical vein endothelial cells stimulated 
with tumor necrosis factor and interleukin-l. 

FIGURE 7 is a graphical representation of the effect 
10 of antisense oligonucleotides on ICAM-1 mediated adhesion of 
DMSO differentiated HL-60 cells to control and tumor necrosis 
factor treated human umbilical vein endothelial cells. 

FIGURE 8 is a graphical representation of the effects 
of selected antisense oligonucleotides on ICAM-1 expression in 
15 A549 human lung carcinoma cells. 

FIGURE 9 is a graphical representation of the effects 
of selected antisense oligonucleotides on ICAM-1 expression in 
primary human keratinocytes . 

FIGURE 10 is a graphical representation of the 
20 relationship between oligonucleotide chain length, Tm and 
effect on inhibition of ICAM-1 expression. 

FIGURE 11 is a graphical representation of the effect 
of selected antisense oligonucleotides on ICAM-1 mediated 
adhesion of DMSO differentiated HL-60 cells to control and 
25 tumor necrosis factor treated human umbilical vein endothelial 
cells. 

FIGURE 12 is a graphical representation of the effects 
of selected antisense oligonucleotides on ELAM-1 expression on 
tumor necrosis factor-treated human umbilical vein endothelial 
30 cells. 

FIGURE 13 is a graphical representation of the human 
ELAM-1 mRNA showing target sites of antisense oligonucleotides. 

FIGURE 14 is a graphical representation of the human 
VCAM-1 mRNA showing target sites of antisense oligonucleotides. 
35 . FIGURE 15 is a line graph showing inhibition of ICAM-1 

expression in C8161 human melanoma cells following treatment 
with antisense oligonucleotides complementary to ICAM-1. 
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FIGURE 16 is a bar graph showing the effect of ISIS 
3082 on dextran sulfate ( DSS ) -induced inf lammatory bowel 
disease. 

SUMMARY OF THE INVENTION 
5 In accordance with the present invention, 

oligonucleotides are provided which specifically hybridize with 
nucleic acids encoding intercellular adhesion molecule-1 ( ICAM- 
1), vascular cell adhesion molecule-1 (VCAM-1) and endothelial 
leukocyte adhesion molecule-1 (ELAM-1). The oligonucleotides 
10 are designed to bind either directly to mRNA or to a selected 
DNA portion forming a triple stranded structure, thereby 
modulating the amount of mRNA made from the gene. 

The former relationship is commonly denoted as 
"antisense. " The oligonucleotides are able to inhibit the 
15 function of RNA or DNA, either its translation into protein, 
its translocation into the cytoplasm, or any other activity 
necessary to its overall biological function. The failure of 
the RNA or DNA to perform all or part of its function results 
in failure of a portion of the genome controlling cell adhesion 
20 molecules to be properly expressed, thus modulating said 
metabolism. 

It is preferred to target specific genes for antisense 
attack, it has been discovered that the genes coding for ICAM- ' 
1, VCAM-1 and ELAM-1 are particularly useful for this 

25 approach. Inhibition of ICAM-1, VCAM-1 and ELAM-1 expression 
is expected to be useful for the treatment of inflammatory 
diseases, diseases with an inflammatory component, allograft 
rejection, psoriasis and other skin diseases, inflammatory 
bowel disease, cancers and their metastasis, and viral 

30 infections. 

Methods of modulating cell adhesion comprising 
contacting the animal with an oligonucleotide hybridizable with 
nucleic acids encoding a protein capable of modulating cell 
adhesion are provided. Oligonucleotides hybridizable with an 
35 RNA or DNA encoding ICAM-1 , VCAM-1 and ELAM-1 are preferred. 
Methods for diagnosis are also a part of this invention. 
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

Antisense oligonucleotides hold great promise as 
therapeutic agents for the treatment of many human diseases. 
Oligonucleotides specifically bind to the complementary 
5 sequence of either pre-mRNA or mature mRNA, as defined by 
Watson-Crick base pairing, inhibiting the flow of genetic 
information from DNA to protein. The properties of antisense 
oligonucleotides which make them specific for their target 
sequence also make them extraordinarily versatile. Because 
10 antisense oligonucleotides are long chains of four monomeric 
units they may be readily synthesized for any target RNA 
sequence. Numerous recent studies have documented the utility 
of antisense oligonucleotides as biochemical tools for studying 
target proteins. Rothenberg et al., J. Natl. Cancer Inst. 
15 1989, 81, 1539-1544; Zon, G. Pharmaceutical Res. 1988, 5, 539- 
549). Because of recent advances in synthesis of nuclease 
resistant oligonucleotides, which exhibit enhanced cell uptake, 
it is now possible to consider the use of antisense 
oligonucleotides as a novel form of therapeutics. 
20 Antisense oligonucleotides offer an ideal solution to 

the problems encountered in prior art approaches. They can be 
designed to selectively inhibit a given isoenzyme, they inhibit 
the production of the enzyme, and they avoid non-specific 
mechanisms such as free radical scavenging or binding to 
25 multiple receptors. A complete understanding of enzyme 
mechanisms or receptor-ligand interactions is not needed to 
design specific inhibitors. 



DESCRIPTION OF TARGETS 

The acute infiltration of neutrophils into the site 

30 of inflammation appears to be due to increased expression of 
GMP-140, ELAM-1 and ICAM-1 on the surface of endothelial cells. 
The appearance of lymphocytes and monocytes during the later 
stages of an inflammatory reaction appear to be mediated by 
VCAM-1 and ICAM-1. ELAM-1 and GMP-140 are transiently 

35 expressed on vascular endothelial cells, while VCAM-1 and ICAM- 
1 are chronically expressed. 
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Human ICAM-1 is encoded by a 3.3-kb mRNA resulting in 
the synthesis of a 55,219 dalton protein (Figure 1). ICAM-1 is 
heavily glycosylated through N-linked glycosylation sites. The 
mature protein has an apparent molecular mass of 90 kDa as 
5 determined. by SDS-polyacrylamide gel electrophoresis. Staunton 
et al., Cell 1988, 52, 925-933. ICAM-1 is a member of the 
immunoglobulin supergene family, containing 5 immunoglobulin- 
like domains at the amino terminus, followed by a transmembrane 
domain and a cytoplasmic domain. The primary binding site for 
10 LFA-1 and rhinovirus are found in the first immunoglobulin-like 
domain. However, the binding sites appear to be distinct. 
Staunton et al., Cell 1990, 61, 243-354. Recent electron 
micrographic studies demonstrate that ICAM-1 is a bent rod 18.7 
nm in length and 2 to 3 nm in diameter. Staunton et al . , Cell 
15 1990, 61, 243-254. 

ICAM-1 exhibits a broad tissue and cell distribution, 
and may be found on white blood cells, endothelial cells, 
fibroblast, keratinocytes and other epithelial cells. The 
expression of ICAM-1 can be regulated on vascular endothelial 
20 cells, fibroblasts, keratinocytes, astrocytes and several cell 
lines by treatment with bacterial lipopolysaccharide and 
cytokines such as interleukin-1, tumor necrosis factor, gamma- 
interferon, and lymphotoxin. See, e.g., Frohman et al., J. 
Nevroiinmunol . 1989, 23, 117-124. The molecular mechanism for 
25 increased expression of ICAM-1 following cytokine treatment has 
not been determined. 

ELAM-1 is a 115-kDa membrane . glycoprotein (Figure 2) 
which is a member of the selectin family of membrane 
glycoproteins. Bevilacqua et al.. Science 1989, 243, 1160- 
30 1165. The amino terminal region of ELAM-1 contains sequences 
with homologies to members of lectin-like proteins, followed by 
a domain similar to epidermal growth factor, followed by six 
tandem 60-amino acid repeats similar to those found in 
complement receptors 1 and 2. These features are also shared 
35 by GMP-140 and MEL-14 antigen, a lymphocyte homing antigen. 
.ELAM-1 is encoded for by a 3.9-kb mRNA. The 3 ' -untranslated 
region of ELAM-1 mRNA contains several sequence motifs ATTTA 
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which are responsible for the rapid turnover of cellular mRNA 
consistent with the transient nature of ELAM-1 expression. 

ELAM-1 exhibits a limited cellular distribution in 
that it has only been identified on vascular endothelial cells. 
5 Like ICAM-l, ELAM-1 is inducible by a number of cytokines 
including tumor necrosis factor, interleukin-1 and lymphotoxin 
and bacterial lipopolysaccharide. In contrast to ICAM-l, ELAM- 
1 is not induced by gamma -interferon. Bevilacqua et al., Proc. 
Natl. Read. Sci. USA 1987, 84, 9238-9242; Wellicome et al., J. 
10 Immunol. 1990, 144, 2558-2565. The kinetics of ELAM-1 mRNA 
induction and disappearance in human umbilical vein endothelial 
cells precedes the appearance and disappearance of ELAM-1 on 
the cell surface. As with ICAM-l the molecular mechanism for 
ELAM-1 induction is not known. 
15 VCAM-1 is a 110-kDa membrane glycoprotein encoded by 

a 3.2-kb mRNA (Figure 3). VCAM-1 appears to be encoded by a 
single-copy gene which can undergo alternative splicing to 
yield products with either six or seven immunoglobulin domains. 
Osborn et al., Cell 1989, 59, 1203-1211. The receptor for VCAM- 
20 1 is proposed to be CD29 (VLA-4) as demonstrated by the ability 
of monoclonal antibodies to CD29 to block adherence of Ramos 
cells to VCAM-1. VCAM-1 is expressed primarily on vascular 
endothelial cells. Like ICAM-l and ELAM-1, expression of VCAM- 
1 on vascular endothelium is regulated by treatment with 
25 cytokines. Rice and Bevilacqua, Science 1989, 246, 1303-1306; 
Rice et al., J. Exp. Med. 1990, 171, 1369-1374. Increased 
expression appears to be due to induction of the mRNA. 

For therapeutics, an animal suspected of having a 
disease which can be treated by decreasing the expression of 
30 ICAM-l, VCAM-1 and ELAM-1 is treated by administering 
oligonucleotides in accordance with this invention. 
Oligonucleotides may be formulated in a pharmaceutical 
composition, which may include carriers, thickeners, diluents, 
buffers, preservatives, surface active agents, liposomes or 
35 lipid formulations and the like in addition to the 
oligonucleotide. Pharmaceutical compositions may also include 
one or more active ingredients such as antimicrobial agents, 
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ant i- inflammatory agents, anesthetics, and the like in addition 
to oligonucleotide. 

The pharmaceutical composition may be administered in 
a number of ways depending on whether local or systemic 
5 treatment is desired, and on the area to be treated. 
Administration may be topically (including ophthalmically, 
vaginally, rectally, intranasally ) , orally, by inhalation, or 
parenterally, for example by intravenous drip, subcutaneous, 
intraperitoneal or intramuscular injection. 

!0 Formulations for topical administration may include 

ointments, lotions, creams, gels, drops, suppositories, sprays, 
liquids and powders. Conventional pharmaceutical carriers, 
aqueous, powder or oily bases, thickeners and the like may be 
necessary or desirable. Coated condoms or gloves may also be 

15 useful. 

Compositions for oral administration include powders 
or granules, suspensions or solutions in water or non-aqueous 
media, capsules, sachets, or tablets. Thickeners, flavorings, 
diluents, emulsifiers, dispersing aids or binders may be 

20 desirable. 

Formulations for parenteral administration may include 
sterile aqueous solutions which may also contain buffers, 
liposomes, diluents and other suitable additives. 

Dosing is dependent on severity and responsiveness of 

25 the condition to be treated, but will normally be one or more 
doses per day, with course of treatment lasting from several 
days to several months or until a cure is effected or a 
diminution of disease state is achieved. Persons of ordinary 
skill can easily determine optimum dosages, dosing 

30 methodologies and repetition rates. 

The present invention employs oligonucleotides for use 
in antisense inhibition of the function of RNA and DNA 
corresponding to proteins capable of modulating inflammatory 
cell adhesion. In the context of this invention, the term 

35 "oligonucleotide" refers to an oligomer or polymer of 
ribonucleic acid or deoxyribonucleic acid. This term includes 
oligomers consisting of naturally occurring bases, sugars and 
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intersugar (backbone) linkages as well as oligomers having non- 
naturally occurring portions which function similarly. Such 
modified or substituted oligonucleotides are often preferred 
over native forms because of properties such as, for example, 
5 enhanced cellular uptake and increased stability in the 
presence of nucleases. 

Specific examples of some preferred oligonucleotides 
envisioned for this invention may contain phosphorothioates, 
phosphotriesters, methyl phosphonates , short chain alkyl or 

10 cycloalkyl intersugar linkages or short chain heteroatomic or 
heterocyclic intersugar linkages. Most preferred are those 
with CH 2 -NH-0-CH 2 , CH 2 -N( CH 3 )-0-CH 2 , CH 2 -0-N< CH 3 )-CH 2 , CH 2 -N(CH 3 )- 
N(CH 3 )-CH 2 and 0-N(CH 3 )-CH 2 -CH 2 backbones < where phosphodiester 
is OP-0-CH 2 ). Also preferred are oligonucleotides having 

15 morpholino backbone structures. Summerton, J.E. and Weller, 
D.D., U.S. Patent 5,034,506. In other preferred embodiments, 
such as the protein-nucleic acid (PNA) backbone, the 
phosphodiester backbone of the oligonucleotide may be replaced 
with a polyamide backbone, the bases being bound directly or 

20 indirectly to the aza nitrogen atoms of the polyamide backbone. 
P.E. Nielsen, M. Egholm, R.H. Berg, 0. Buchardt, Science 1991, 
254, 1497. Other preferred oligonucleotides may contain alkyl 
and halogen-substituted sugar moieties comprising one of the 
following at the 2' position: OH, SH, SCH 3 , F, OCN, 0(CH 2 ) n NH 2 

25 or 0(CH 2 ) n CH 3 . where n is from 1 to about 10; C 2 to C 10 lower 
alkyl, substituted lower alkyl, alkaryl or aralkyl; CI; Br; CN; 
CF 3 ; 0CF 3 ; 0-, or N-alkyl; 0-, S-, or N-alkenyl; S0CH 3 ; 

S0 2 CH 3 ; 0N0 2 ; N0 2 ; N 3 ; NH 2 ; heterocycloalkyl ; heterocycloalkaryl ; 
aminoalkylamino; polyalkyiamino; substituted silyl; an RNA 

30 cleaving group; a conjugate; a reporter group; an intercalator ; 
a group for improving the pharmacokinetic properties of an 
oligonucleotide; or a group for improving the pharmacodynamic 
properties of an oligonucleotide and other substituents having 
similar properties. Oligonucleotides may also have sugar 

35 mimetics such as cyclobutyls in place of the pentofuranosyl 
group. 

The oligonucleotides in accordance with this invention 
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preferably comprise from about 3 to about 50 nucleic acid base 
units. It is more preferred that such oligonucleotides 
comprise from about 8 to 25 nucleic acid base units, and still 
more preferred to have from about 12 to 22 nucleic acid base 
5 units. As will be appreciated, a nucleic acid base unit is a 
base-sugar combination suitably bound to an adjacent nucleic 
acid base unit through phosphodiester or other bonds. 

The oligonucleotides used in accordance with this 
invention may be conveniently and routinely made through the 
10 well-known technique of solid phase synthesis. Equipment for 
such synthesis is sold by several vendors including Applied 
Biosystems. Any other means for such synthesis may also be 
employed, however the actual synthesis of the oligonucleotides 
are well within the talents of the routineer. It is also well 
15 known to use similar techniques to prepare other 
oligonucleotides such as the phosphorothioates and alkylated 
derivatives. 

In accordance with this invention, persons of ordinary 
skill in the art will understand that messenger RNA identified 

20 by the open reading frames (ORFs) of the DNA from which they 
are transcribed includes not only the information from the ORFs 
of the DNA, but also associated ribonucleotides which form 
regions known to such persons as the 5 ? -untranslated region, 
the 3'- untranslated region, and intervening sequence. 

25 ribonucleotides. Thus, oligonucleotides may be formulated in 
accordance with this invention which are targeted wholly or in 
part to these associated ribonucleotides as well as to the 
informational ribonucleotides. In preferred embodiments, the 
oligonucleotide is specifically hybridizable with a 
30 transcription initiation site, a translation initiation site, 
an intervening sequence and sequences in the 3 ' -untranslated 
region. 

In accordance with this invention, the oligonucleotide 
is specifically hybridizable with portions of nucleic acids 
35 encoding a protein involved in the adhesion of white blood 
cells either to other white blood cells or other cell types. 
In preferred embodiments, said proteins are intercellular 
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adhesion molecule-1, vascular cell adhesion molecule-1 and 
endothelial leukocyte adhesion molecule-1. Oligonucleotides 
comprising the corresponding sequence, or part thereof, are 
useful in the invention. For example, Figure 1 is a human 
intercellular adhesion molecule-1 mRNA sequence. A preferred 
sequence segment which may be useful in whole or in part is: 



10 



15 



5' 3» 


SEO ID NO- 


TGGGAGCCATAGCGAGGC 


± 


GAGGAGCTCAGCGTCGACTG 


2 


GACACTCAATAAATAGCTGGT 


3 


GAGGCTGAGGTGGGAGGA 


4 


CGATGGGCAGTGGGAAAG 


5 


GGGCGCGTGATCCTTATAGC 


6 


CATAGCGAGGCTGAGGTTGC 


7 


CGGGGGCTGCTGGGAGCCAT 


8 


TCAGGGAGGCGTGGCTTGTG 


13 


CCTGTCCCGGGATAGGTTCA 


14 


TTGAGAAAGCTTTATTAACT 


16 


CCCCCACCACTTCCCCTCTC . 


15 



20 



Figure 2 is a human endothelial leukocyte adhesion 
molecule-1 mRNA sequence. A preferred sequence segment which 
may be useful in whole or in part is: 





5- 3 . 


SEQ ID NO: 




CAATCATGACTTCAAGAGTTCT 


28 


25 


TCACTGCTGCCTCTGTCTCAGG 


73 




TGATTCTTTTGAACTTAAAAGGA 


74 




TTAAAGGATGTAAGAAGGCT 


75 




CATAAGCACATTTATTGTC 


76 




TTTTGGGAAGCAGTTGTTCA 


77 


30 


AACTGTGAAGCAATCATGACT 


78 




CCTTGAGTGGTGCATTCAACCT 


79 




AATGCTTGCTCACACAGGCATT . 


80 




Figure 3 is a human vascular cell adhesion molecule-1 




mRNA sequence. A preferred sequence 


segment which may be 


35 


useful in whole or in part is: 






5* 3' 


SEQ ID NO: 




CCAGGCATTTTAAGTTGCTGT 


40 
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CCTGAAGCCAGTGAGGCCCG 41 
GATGAGAAAATAGTGGAACCA 42 
CTGAGCAAGATATCTAGAT 43 
CTACACTTTTGATTTCTGT 44 
5 TTGAACATATCAAGCATTAGCT 45 

TTTACATATGTACAAATTATGT 46 
AATTATCACTTTACTATACAAA 47 
AGGGCTGACCAAGACGGTTGT. 48 
While the illustrated sequences are believed to be accurate, 
10 the present invention is directed to the correct sequences 
should errors be found. Oligonucleotides useful in the 
invention comprise one of these sequences, or part thereof. 
Thus, it is preferred to employ any of these oligonucleotides 
as set forth above or any of the similar oligonucleotides which 
15 persons of ordinary skill in the art can prepare from knowledge 
of the preferred antisense targets for the modulation of the 
synthesis of inflammatory cell adhesion molecules. 

Several preferred embodiments of this invention are 
exemplified in accordance with the following nonlimiting 
20 examples. The target mRNA species for modulation relates to 
intercellular adhesion molecule-1, endothelial leukocyte 
adhesion molecule-1, and vascular cell adhesion molecule-1. 
Persons of ordinary skill in the art will appreciate that the 
present invention is not so limited, however, and that it is 
25 generally applicable. The inhibition or modulation of 
production of the ICAM-1 and/or ELAM-1 and/or VCAM-1 are 
expected to have significant therapeutic benefits in the 
treatment of disease. In order to assess the effectiveness of 
the compositions, an assay or series of assays is required. 
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EXAMPLES 
Example 1 

Expression of ICAM-1, VCAM-1 and ELAM-1 on the surface 
of cells can be quantitated using specific monoclonal 
5 antibodies in an ELISA . Cells are grown to confluence in 96 
well microtiter plates. The cells are stimulated with either 
interleukin-1 or tumor necrosis factor for 4 to 8 hours to 
quantitate ELAM-1 and 8 to 24 hours to quantitate ICAM-1 and 
VCAM-1. Following the appropriate incubation time with the 
10 cytokine, the cells are gently washed three times with a 
buffered isotonic solution containing calcium and magnesium 
such as Dulbecco's phosphate buffered saline (D-PBS). The 
cells are then directly fixed on the microtiter plate with 1 to 
2% paraformaldehyde diluted in D-PBS for 20 minutes at 25 °C. 

15 The cells are washed again with D-PBS three times. Nonspecific 
binding sites on the microtiter plate are blocked with 2% 
bovine serum albumin in D-PBS for 1 hour at 37 °C. Cells are 
incubated with the appropriate monoclonal antibody diluted in 
blocking solution for 1 hour at 37 °C. Unbound antibody is 

20 removed by washing the cells three times with D-PBS. Antibody 
bound to the cells is detected by incubation with a 1:1000 
dilution of biotinylated goat anti-mouse IgG (Bethesda Research 
Laboratories, Gaithersberg, MD) in blocking solution for 1 hour 
at 37 °C. Cells are washed three times with D-PBS and then 

25 incubated with a 1:1000 dilution of streptavidin conjugated to 
B-galactosidase (Bethesda Research Laboratories) for 1 hour at 
37 °C. The cells are washed three times with D-PBS for 5 
minutes each. The amount of B-galactosidase bound to the 
specific monoclonal antibody is determined by developing the 

30 plate in a solution of 3.3 mM chlorophenolred-B-D- 
galactopyranoside, 50 mM sodium phosphate, 1.5 mM MgCl 2 ; pH^7.2 
for 2 to 15 minutes at 37 °C. The concentration of the product 
is determined by measuring the absorbance at 575 nm in an ELISA 
microtiter plate reader. 

35 An example of the induction of ICAM-1 observed 

following stimulation with either interleukin-lB or tumor 
necrosis factor a in several human cell lines is shown in 
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Figure 4 . Cells were stimulated with increasing concentrations 
of interleukin-1 or tumor necrosis factor for 15 hours and 
processed as described above. ICAM-I expression was determined 
by incubation with a 1:1000 dilution of the monoclonal antibody 
5 84H10 (Amac Inc., Westbrook, ME). The cell lines used were 
passage 4 human umbilical vein endothelial cells (HUVEC), a 
human epidermal carcinoma cell line (A431), a human melanoma 
cell line (SK-MEL-2) and a human lung carcinoma cell line 
(A549). ICAM-1 was induced on all the cell lines, however, 
10 tumor necrosis factor was more effective than interleukin-1 in 
induction of ICAM-1 expression on the cell surface (Figure 4). 

Screening antisense oligonucleotides for inhibition 
of ICAM-1, VCAM-1 or ELAM-1 expression is performed as 
described above with the exception of pretreatment of cells 
15 with the oligonucleotides prior to challenge with the 
cytokines. An example of antisense oligonucleotide inhibition 
of ICAM-1 expression is shown in Figure 5. Human umbilical 
vein endothelial cells (HUVEC) were treated with increasing 
concentration of oligonucleotide diluted in Opti MEM (GIBCO, 
20 Grand Island, NY) containing 8 uM N-[l- ( 2, 3-dioleyloxy ) 
propyl] -N,N,N-trimethylammonium chloride ( DOTMA ) for 4 hours at 
37 °C to enhance uptake of the oligonucleotides. The medium was 
removed and replaced with endothelial growth medium (EGM-UV; 
Clonetics, San Diego, CA) containing the indicated 
concentration of oligonucleotide for an additional 4 hours. 
Interleukin-1 p was added to the cells at a concentration of 5 
units/ml and incubated for 14 hours at 37 °C. The cells were 
quantitated for ICAM-1 expression using a 1:1000 dilution of 
the monoclonal antibody 84H10 as described above. The 
30 oligonucleotides used were: 

COMPOUND 1 - (isis 1558) a phosphodiester 
oligonucleotide designed to hybridize with position 64-80 of 
the mRNA covering the AUG initiation of translation codon 
having the sequence 
35 5 1 -TGGGAGCCATAGCGAGGC-3 ' ( SEQ ID NO: 1). 

COMPOUND 2 - (ISIS 1570) a phosphorothioate containing 
oligonucleotide corresponding to the same sequence as COMPOUND 



25 
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1. 

COMPOUND 3 - a phosphorothioate oligonucleotide 
complementary to COMPOUND 1 and COMPOUND 2 exhibiting the 
sequence 

5 5 ' -GCCTCGCTATGGCTCCCA-3 • (SEQ ID NO: 81). 

COMPOUND 4 - (ISIS 1572) a phosphorothioate containing 
oligonucleotide designed to hybridize to positions 2190-2210 of 
the mRNA in the 3 • untranslated region containing the sequence 
5 ' -GACACTCAATAAATAGCTGGT-3 * (SEQ ID NO: 3). 
10 COMPOUND 5 - (ISIS 1821) a phosphorothioate containing 

oligonucleotide designed to hybridize to human 5-lipoxygenase 
mRNA used as a control containing the sequence 

5 1 -CATGGCGCGGGCCGCGGG-3 1 (SEQ ID NO: 82). 
The phosphodiester oligonucleotide targeting the AUG 
15 initiation of translation region of the human ICAM-I mRNA 
(COMPOUND 1) did not inhibit expression of ICAM-1, however, the 
corresponding phosphorothioate containing oligonucleotide 
(COMPOUND 2) inhibited ICAM-1 expression by 70% at a 
concentration of 0.1 uM and 90% at 1 uM concentration (Figure 
20 4). The increased potency of the phosphorothioate 

oligonucleotide over the phosphodiester is probably due to 
increased stability. The sense strand to COMPOUND 2, COMPOUND 
3, modestly inhibited ICAM-1 expression at 10 uM. If COMPOUND 
2 was prehybridized to COMPOUND 3 prior to addition to the 
25 cells, the effects of COMPOUND 2 on ICAM-1 expression were 
attenuated suggesting that the activity of COMPOUND 2 was due 
to antisense oligonucleotide effect, requiring hybridization to 
the mRNA. The antisense oligonucleotide directed against 3» 
untranslated sequences (COMPOUND 4) inhibited ICAM-1 expression 
30 62% at a concentration of 1 pM (Figure 5). The control 
oligonucleotide, targeting human-5-lipoxygenase (COMPOUND 5) 
reduced ICAM-1 expression by 20%. These data demonstrate that 
oligonucleotides are capable of inhibiting ICAM-1 expression on 
human umbilical vein endothelial cells and suggest that the 
35 inhibition of ICAM-1 expression is due to an antisense 
activity. 

The antisense oligonucleotide COMPOUND 2 at a 
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concentration of 1 uM inhibits expression of ICAM-l on human 
umbilical vein endothelial cells stimulated with increasing 
concentrations of tumor necrosis factor and interleukin-1 
(Figure 6). These data demonstrate that the effects of 
5 COMPOUND 2 are not specific for interleukin-1 stimulation of 
cells. 

Analogous assays can also be used to demonstrate 
inhibition of ELAM-1 and VCAM-1 expression by antisense 
oligonucleotides. 

10 Example 2 

A second cellular assay which can be used to 
demonstrate the effects of antisense oligonucleotides on ICAM- 
1, VCAM-1 or ELAM-1 expression is a cell adherence assay. 
Target cells are grown as a monolayer in a multiwell plate, 
15 treated with oligonucleotide followed by cytokine. The 
adhering cells are then added to the monolayer cells and 
incubated for 30 to 60 minutes at 37 °C and washed to remove 
nonadhering cells. Cells adhering to the monolayer may be 
determined either by directly counting the adhering cells or 
20 prelabeling the cells with a radioisotope such as 51 Cr and 
quantitating the radioactivity associated with the monolayer as 
described. Dustin and Springer, J. Cell Biol. 1988, 107, 321- 
331. Antisense oligonucleotides may target either ICAM-l, 
VCAM-1 or ELAM-1 in the assay. 
25 An example of the effects of antisense 

oligonucleotides targeting ICAM-l mRNA on the adherence of DMS0 
differentiated HL-60 cells to tumor necrosis factor treated 
human umbilical vein endothelial cells is shown in Figure 7. 
Human umbilical vein endothelial cells were grown to 80% 
30 confluence in 12 well plates. The cells were treated with 2 uM 
oligonucleotide diluted in Opt i -MEM containing 8 uM DOTMA for 
4 hours at 37 °C. The medium was removed and replaced with 
fresh endothelial cell growth medium (EGM-UV) containing 2 uM 
of the indicated oligonucleotide and incubated 4 hours at 37 °C. 
35 Tumor necrosis factor, 1 ng/ml, was added to cells as indicated 
and cells incubated for an additional 19 hours. The cells were 
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washed once with EGM-UV and 1.6 x 10 6 HL-60 cells 
differentiated for 4 days with 1.3% DMSO added. The cells were 
allowed to attach for 1 hour at 37 °C and gently washed 4 times 
with Dulbecco's phosphate-buffered saline (D-PBS) warmed to 
5 37 °C. Adherent cells were detached from the monolayer by 
addition of 0,25 ml of cold (4°C) phosphate-buffered saline 
containing 5 mM EDTA and incubated on ice for 5 minutes. The 
number of cells removed by treatment with EDTA was determined 
by counting with a hemocytometer . Endothelial cells detached 
10 from the monolayer by EDTA treatment could easily be 
distinguished from HL-60 cells by morphological differences. 

In the absence of tumor necrosis factor, 3% of the HL- 
60 cells bound to the endothelial cells. Treatment of the 
endothelial cell monolayer with 1 ng/ml tumor necrosis factor 
15 increased the number of adhering cells to 59% of total cells 
added (Figure 7). Treatment with the antisense oligonucleotide 
COMPOUND 2 or the control oligonucleotide COMPOUND 5 did not 
change the number of cells adhering to the monolayer in the 
absence of tumor necrosis factor treatment (Figure 7). The 
20 antisense oligonucleotide, COMPOUND 2 reduced the number of 
adhering cells from 59% of total cells added to 17% of the 
total cells added (Figure 7). In contrast, the control 
oligonucleotide COMPOUND 5 did not significantly reduce the 
number of cells adhering to the tumor necrosis factor treated 
25 endothelial monolayer, i.e., 53% of total cells added for 
COMPOUND 5 treated cells versus 59% for control cells. 

These data indicate that antisense oligonucleotides 
are capable of inhibiting ICAM-I expression on endothelial 
cells and that inhibition of ICAM-1 expression correlates with 
30 a decrease in the adherence of a neutrophil-like cell to the 
endothelial monolayer in a sequence specific fashion. Because 
other molecules also mediate adherence of white blood cells to 
endothelial cells, such as ELAM-1, and VCAM-1 it is not 
expected that adherence would be completely blocked. 

35 Example 3 

Synthesis and characterization of oligonucleotides 
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Unmodified DNA oligonucleotides were synthesized on 
an automated DNA synthesizer (Applied Biosystems model 380B) 
using standard phosphoramidite chemistry with oxidation by 
iodine. B-cyandethyldiisopropyl-phosphoramidites were purchased 
5 from Applied Biosystems (Foster City, CA ) . For 
phosphorothioate oligonucleotides, the standard oxidation 
bottle was replaced by a 0.2 M solution of 3H-l,2- 
benzodithiole-3-one 1,1-dioxide in acetonitrile for the 
stepwise thiation of the phosphite linkages. The thiation 
10 cycle wait step was increased to 68 seconds and was followed by 
the capping step. 

2'-0-methyl phosphorothioate oligonucleotides were 
synthesized using 2'-0-methyl B-cyanoethyldiisopropyl- 
phosphoramidites (Chemgenes, Needham MA) and the standard cycle 
15 for unmodified oligonucleotides, except the wait step after 
pulse delivery of tetrazole and base was increased to 360 
seconds. The 3 ' -base used to start the synthesis was a 2'- 
deoxyribonucleotide . 

2'-fluoro phosphorothioate oligonucleotides were 
20 synthesized using 5 ' -dimethoxytrityl-3 ' -phosphoramidites and 
prepared as disclosed in U.S. patent application Serial No. 
463,358, filed January 11, 1990, and 566,977, filed August 13, 
1990, which are assigned to the same assignee as the instant 
application and which are incorporated by reference herein. 
25 The 2'-fluoro oligonucleotides were prepared using 
phosphoramidite chemistry and a slight modification of the 
standard DNA synthesis protocol: deprotection was effected 
using methanolic ammonia at room temperature. 

After cleavage from the controlled pore glass column 
30 (Applied Biosystems) and deblocking in concentrated ammonium 
hydroxide at 55'C for 18 hours, the oligonucleotides were 
purified by precipitation twice out of 0.5 M NaCl with 2.5 
volumes ethanol. Analytical gel electrophoresis was 

accomplished in 20% acrylamide, 8 M urea, 45 mM Tris-borate 
35 buffer, pH 7.0. Oligodeoxynucleotides and phosphorothioate 
oligonucleotides were judged from electrophoresis to be greater 
than 80% full length material. 
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RNA oligonucleotide synthesis was performed on an ABI 
model 380B DNA synthesizer. The standard synthesis cycle was 
modified by increasing the wait step after the pulse delivery 
of tetrazole to 900 seconds. The bases were deprotected by 
5 incubation in methanolic ammonia overnight. Following base 
deprotections the oligonucleotides were dried in vacuo. The t- 
butyldimethylsilyl protecting the 2' hydroxyl was removed by 
incubating the oligonucleotide in 1 M tetrabutylammonium- 
fluoride in tetrahydrof uran overnight. The rna 

10 oligonucleotides were further purified on C 18 Sep-Pak cartridges 
(Waters, Division of Millipore Corp., Milford MA) and ethanol 
precipitated. 

The relative amounts of phosphorothioate and 
phosphodiester linkages obtained by this synthesis were 
15 periodically checked by 31 p NMR spectroscopy. The spectra were 
obtained at ambient temperature using deuterium oxide or 
dimethyl sulfoxide-d 6 as solvent. Phosphorothioate samples 
typically contained less than one percent of phosphodiester 
linkages. 

20 Secondary evaluation was performed with 

oligonucleotides purified by trityl-on HPLC on a PRP-1 column 
(Hamilton Co., Reno, Nevada) using a gradient of acetonitrile 
in 50 mM triethyl ammonium acetate, pH 7.0 (4% to 32% in 30 
minutes, flow rate =1.5 ml/min). Appropriate fractions were 

25 pooled, evaporated and treated with 5% acetic acid at ambient 
temperature for 15 minutes. The solution was extracted with an 
equal volume of ethyl acetate, neutralized with ammonium 
hydroxide, frozen and lyophilized. HPLC-purif ied 

oligonucleotides were not significantly different in potency 
30 from precipitated oligonucleotides, as judged by the ELISA 
assay for ICAM-1 expression. 
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Example 4 

Cell culture and treatment with oligonucleotides 

The human lung carcinoma cell line A549 was obtained 
from the American Type Culture Collection (Bethesda MD). Cells 
5 were grown in Dulbecco's Modified Eagle 1 s Medium (Irvine 
Scientific, Irvine CA) containing 1 gm glucose/liter and 10% 
fetal calf serum (Irvine Scientific). Human umbilical vein 
endothelial cells (HUVEC) (Clonetics, San Diego CA) were 
cultured in EGM-UV medium (Clonetics), HUVEC were used between 
10 the second and sixth passages. Human epidermal carcinoma A431 
cells were obtained from the American Type Culture Collection 
and cultured in DMEM with 4.5 g/1 glucose. Primary human 
keratinocytes were obtained from Clonetics and grown in KGM 
(Keratinocyte growth medium, Clonetics). 
15 Cells grown in 96-well plates were washed three times 

with Opt i -MEM (GIBCO, Grand Island, NY) prewarmed to 37 °C. 100 
\il of Opti-MEM containing either 10 pg/ml N- [l-(2, 3- 
dioleyloxy ) propyl ] -N, N, N-trimethylammonium chloride ( DOTMA, 
Bethesda Research Labs, Bethesda MD) in the case of HUVEC cells 
20 or 20 pg/ml DOTMA in the case of A549 cells was added to each 
well. Oligonucleotides were sterilized by centrif ugation 
through 0.2 \im Centrex cellulose acetate filters (Schleicher 
and Schuell, Keene, NH). Oligonucleotides were added as 20x 
stock solution to the wells and incubated for 4 hours at 37 °C. 
25 Medium was removed and replaced with 150 \xl of the appropriate 
growth medium containing the indicated concentration of 
oligonucleotide. Cells were incubated for an additional 3 to 
4 hours at 37 °C then stimulated with the appropriate cytokine 
for 14 to 16 hours, as indicated. ICAM-1 expression was 
30 determined as described in Example 1. The presence of DOTMA 
during the first 4 hours incubation with oligonucleotide 
increased the potency of the oligonucleotides at least 100- 
fold. This increase in potency correlated with an increase in 
cell uptake of the oligonucleotide. 
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Example 5 

ELISA screening of additional antisense 

oligonucleotides for activity against ICAM-1 

gene expression in Interleukin-lB-stimulated cells 

Antisense oligonucleotides were originally designed 

that would hybridize to five target sites on the human ICAM-1 

mRNA. Oligonucleotides were synthesized in both phosphodiester 

(P-O; ISIS 1558, 1559, 1563, 1564 and 1565) and 

phosphorothioate (P=S; ISIS 1570, 1571, 1572, 1573, and 1574) 

forms. The oligonucleotides are shown in Table 1. 
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TABLE 1 

ANTI SENSE OLIGONUCLEOTIDES WHICH TARGET HUMAN ICAM-1 

ISIS NO. SEP ID NO. TARGET REGION MODIFICATION 





XjOO 


1 

1 


AUG Codon ( 64-81 ) 


P=0 




1 J. D o? 


2 


5 '-Untranslated (32-49) 


P=0 




1 ceo 


3 


3 ' -Untranslated (2190-3010) 


P=0 






4 


3 * -Untranslated (2849-2866) 


P=0 




1 etc 

1565 


5 


Coding Region (1378-1395) 


P=0 




ID /u 


1 


AUG Codon (64-81) 


P=S 


JLU 


1571 


2 


5 ' -Untranslated (32-49) 


P=S 




1 J/Z 


3 


3 '-Untranslated (2190-3010) 


P=S 




1 1> /o 


4 


3 '-Untranslated (2849-2866) 


P=S 




1 D /4 


5 


Coding Region (1378-1395) 


P=S 






a 
0 


5 '-Untranslated (1-20) 


P=S 






7 


AUG Codon (55-74) 


P=S 




1?JZ 


Q 
O 


AUG Codon ( 72-91 ) 


P=S 




J. 7JJ 


f| 

V 


Coding Region (111-130) 


P=S 




1 QQ/ 

iyo4 


10 


Coding Region (351-370) 


P=S 




i?oo 


11 


Coding Region (889-908) 


P=S 




JL ?OD 


Iz 


Coding Region (1459-1468) 


P=S 




-L r o / 


lo 


Termination Codon (1651-1687) 


P=S 




1938 


14 


Termination Codon (1668-1687) 


P=S 




1939 


15 


3 ' -Untranslated (1952-1971) 


P=S 




1940 


16 


3 ' -Untranslated (2975-2994) 


P=S 


25 


2149 


17 


AUG Codon (64-77) 


P=S 




2163 


18 


AUG Codon (64-75) 


P=S 




2164 


19 


AUG Codon (64-73) 


P=S 




2165 


20 


AUG Codon (66-80) 


P=S 
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2173 


21 


AUG Codon (64-79) 


P=S 




2302 


22 


3 ' -Untranslated (2114-2133) 


P=S 




2303 


23 


3 • -Untranslated (2039-2058) 


P=S 




2304 


24 


3 1 -Untranslated (1895-1914) 


P=S 


5 


2305 


25 


3 ' -Untranslated (1935-1954) 


P=S 




2307 


26 


3 ' -Untranslated (1976-1995) 


P=S 




2634 


1 


AUG-Codon (64-81) 


2 1 - f luoro 
A r C & U; 
P=S 


10 


2637 


15 


3* -Untranslated (1952-1971) 


2 1 -f luoro 
A, C & U; 




2691 


1 


AUG Codon (64-81) 


P=0, except 
last 3 
bases, P=S 


15 


2710 


15 


3 ' -Untranslated (1952-1971) 


2 ' - 0 - 
methyl; P=0 




2711 


1 


AUG Codon (64-81) 


2 » - 0 - 
methyl; P=0 


20 


2973 


15 


3 ' -Untranslated (1952-1971) 


2 ' - 0 - 
methyl; P=S 




2974 


1 


AUG Codon (64-81) 


2 - - 0 - 


25 


3064 


27 


5'-CAP (32-51) 


P=S; G & C 
added as 
spacer to 
3' 




3067 


84 


5* -CAP (32-51) 


P=S 




3222 


84 


5'-CAP (32-51) 


2 ' - 0 - 
methyl; P=0 


30 


3224 
3581 


84 
85 


5'-CAP (32-51) 

3' -Untranslated (1959-1978) 


2 ' - 0 - 
methyl; P=S 

P=S 



Inhibition of ICAM-1 expression on the surface of interleukin- 
lfi-stimulated cells by the oligonucleotides was determined by 
35 ELISA assay as described in Example 1. The oligonucleotides 
were tested in two different cell lines. None of the 
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phosphodiester oligonucleotides inhibited ICAM-1 expression. 
This is probably due to the rapid degradation of phosphodiester 
oligonucleotides in cells. Of the five phosphorothioate 
oligonucleotides, the most active was ISIS 1570, which 
5 hybridizes to the AUG translation initiation codon. A 2 f -o- 
methyl phosphorothioate oligonucleotide, ISIS 2974, was 
approximately threefold less effective than ISIS 1570 in 
inhibiting ICAM-1 expression in HUVEC and A549 cells- A 2'- 
fluoro oligonucleotide, ISIS 2634, was also less effective. 

10 Based on the initial data obtained with the five original 

targets, additional oligonucleotides were designed which would 
hybridize with the ICAM-1 mRNA. The antisense oligonucleotide 
(ISIS 3067) which hybridizes to the predicted transcription 
initiation site (5* cap site) was approximately as active in 

15 IL-lB-stimulated cells as the oligonucleotide that hybridizes 
to the AUG codon (ISIS 1570), as shown in Figure 8. ISIS 1931 
and 1932 hybridize 5* and 3\ respectively, to the AUG 
translation initiation codon. All three oligonucleotides that 
hybridize to the AUG region inhibit ICAM-1 expression, though 

20 ISIS 1932 was slightly less active than ISIS 1570 and ISIS 
1931. Oligonucleotides which hybridize to the coding region of 
ICAM-1 mRNA (ISIS 1933, 1934, 1935, 1574 and 1936) exhibited 
weak activity. Oligonucleotides that hybridize to the 
translation termination codon (ISIS 1937 and 1938) exhibited 

25 moderate activity. 

Surprisingly, the most active antisense oligonucleotide 
was ISIS 1939, a phosphorothioate oligonucleotide targeted to 
a sequence in the 3'- untranslated region of ICAM-1 mRNA (see 
Table 1 ) . Other oligonucleotides having the same sequence were 

30 tested, 2'-0-methyl (ISIS 2973) and 2 , -fluoro (ISIS 2637); 
however, they did not exhibit this level of activity. 
Oligonucleotides targeted to other 3 ' untranslated sequences 
(ISIS 1572, 1573 and 1940) were also not as active as ISIS- 
1939. In fact, ISIS 1940, targeted to the polyadenylation 

35 signal, did not inhibit ICAM-1 expression. 

Because ISIS 1939 proved unexpectedly to exhibit the 
greatest antisense activity of the original 16 oligonucleotides 
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tested, other oligonucleotides were designed to hybridize to 
sequences in the 3 ' -untranslated region of ICAM-1 mRNA (ISIS 
2302, 2303, 2304, 2305, and 2307, as shown in Table 1). ISIS 
2307, which hybridizes to a site only five bases 3' to the ISIS 
5 1939 target, was the least active of the series (Figure 8). 
ISIS 2302, which hybridizes to the ICAM-1 mRNA at a position 
143 bases 3' to the ISIS 1939 target, was the most active of 
the series, with activity comparable to that of ISIS 1939. 
Examination of the predicted RNA secondary structure of the 

10 human ICAM-1 mRNA 3 • -untranslated region (according to M. 
Zuker, Science 1989, 244, 48-52) revealed that both ISIS 1939 
and ISIS 2302 hybridize to sequences predicted to be in a 
stable stem- loop structure. Current dogma suggests that 
regions of RNA secondary structure should be avoided when 

15 designing antisense oligonucleotides. Thus, ISIS 1939 and ISIS 
2302 would not have been predicted to inhibit ICAM-1 
expression. 

The control oligonucleotide ISIS 1821 did inhibit ICAM-1 
expression in HUVEC cells with activity comparable to that of 

20 ISIS 1934; however, in A549 cells ISIS 1821 was less effective 
than ISIS 1934. The negative control, ISIS 1821, was found to 
have a small amount of activity against ICAM expression, 
probably due in part to its ability to hybridize (12 of 13 base 
match) to the ICAM-1 mRNA at a position 15 bases 3 f to the AUG 

25 translation initiation codon. 

These studies indicate that the AUG translation 
initiation codon and specific 3 ' -untranslated sequences in the 
.ICAM-1 mRNA were the most susceptible to antisense 
oligonucleotide inhibition of ICAM-1 expression. 

30 In addition to inhibiting ICAM-1 expression in human 

umbilical vein cells and the human lung carcinoma cells (A549), 
ISIS 1570, ISIS 1939 and ISIS 2302 were shown to inhibit ICAM-1 
expression in the human epidermal carcinoma A431 cells and in 
primary human keratinocytes ( shown in Figure 9 ) . These data 

35 demonstrate that antisense oligonucleotides are capable of 
inhibiting ICAM-1 expression in several human cell lines. 
Furthermore, the rank, order potency of the oligonucleotides is 
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the same in the four cell lines examined. The fact that ICAM-1 
expression could be inhibited in primary human keratinocytes is 
important because epidermal keratinocytes are an intended 
target of the antisense nucleotides. 

5 Example 6 

Antisense oligonucleotide inhibition of ICAM-1 
expression in cells stimulated with other cytokines 

Two oligonucleotides, ISIS 1570 and ISIS 1939, were 

tested for their ability to inhibit TNF-a and I FN -y- induced 

10 ICAM-1 expression. Treatment of A549 cells with 1 pM antisense 
oligonucleotide inhibited IL-1B, TNF-a and IFN-y-induced ICAM-1 
expression in a sequence- specific manner. The antisense 
oligonucleotides inhibited IL-1B and TNF-a-induced ICAM-1 
expression to a similar extent, while IFN-y-induced ICAM-1 

15 expression was more sensitive to antisense inhibition. The 
control oligonucleotide, ISIS 1821, did not significantly 
inhibit IL-1S- or TNF-a-induced ICAM-1 expression and inhibited 
IFN-y-induced ICAM-1 expression slightly, as follows: 

Antisense Oligonucleotide 
20 (% Control Expression) 

Cytokine ISIS 1570 ISIS 1939 ISIS 1821 

3 U/ml IL-lp 56.6 ± 2.9 38.1 ± 3.2 95 ± 6.6 

1 ng/ml TNF-a 58.1 ± 0.9 37.6 ± 4.1 103.5 ± 8.2 

100 U/ml 

25 gamma-IFN 38.9±3.0 18.3 ± 7.0 83.0±3.5 

Example 7 

Antisense effects are abolished by sense strand controls 

The antisense oligonucleotide inhibition of ICAM-1 
expression by the oligonucleotides ISIS 1570 and ISIS 1939 
30 could be reversed by hybridization of the oligonucleotides with 
their respective sense strands. The phosphorothioate sense 
strand for ISIS 1570 (ISIS 1575), when applied alone, slightly 
enhanced IL-16-induced ICAM-1 expression. Premixing ISIS 1570 
with ISIS 1575 at equal molar concentrations, prior to addition 
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to the cells, blocked the effects of ISIS 1570. The complement 
to ISIS 1939 (ISIS 2115) enhanced ICAM-1 expression by 46% when 
added to the cells alone. Prehybridization of ISIS 2115 to 
ISIS 1939 completely blocked the inhibition of ICAM-1 
5 expression by ISIS 1939. 

Example 8 

Measurement of oligonucleotide Tm (dissociation 
temperature of oligonucleotide from target) 

To determine if the potency of the inhibition of ICAM- 

10 1 expression by antisense oligonucleotides was due to their 
affinity for their target sites , thermodynamic measurements 
were made for each of the oligonucleotides. The antisense 
oligonucleotides (synthesized as phosphorothioates ) were 
hybridized to their complementary DNA sequences (synthesized as 

15 phosphodiesters ) . Absorbance vs. temperature profiles were 
measured at 4 pM each strand oligonucleotide in 100 mM Na+, 10 
mM phosphate, 0.1 mM EDTA, pH 7.0. Tm 1 s and free energies of 
duplex formation were obtained from fits of data to a two-state 
model with linear sloping baselines (Petersheim, M. and D.H. 

20 Turner, Biochemistry 1983, 22, 256-263). Results are averages 
of at least three experiments. 

When the antisense oligonucleotides were hybridized 
to their complementary DNA sequences ( synthesized as 
phosphodiesters), all of the 'antisense oligonucleotides with 

25 the exception of ISIS 1940 exhibited a Tm of at least 50 °C. 
All the oligonucleotides should therefore be capable of 
hybridizing to the target ICAM-1 mRNA if the target sequences 
were exposed. Surprisingly, the . potency of the antisense 
oligonucleotide did not correlate directly with either Tm or 

30 AG° 37 . The oligonucleotide with the greatest biological 
activity, ISIS 1939, exhibited a Tm which was lower than that 
of the majority of the other oligonucleotides. Thus, 
hybridization affinity is not sufficient to ensure biological 
activity. 

35 Example 9 

Effect of oligonucleotide length on 
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antisense inhibition of ICAM-1 expression 

The effect of oligonucleotide length on antisense 
activity was tested using truncated versions of ISIS 1570 (ISIS 
2165, 2173, 2149, 2163 and 2164) and ISIS 1939 (ISIS 2540, 
5 2544, 2545, 2546, 2547 and 2548). In general, antisense 
activity decreased as the length of the oligonucleotides 
decreased. Oligonucleotides 16 bases in length exhibited 
activity slightly less than 18 base oligonucleotides. 
Oligonucleotides 14 bases in length exhibited significantly 
10 less activity, and oligonucleotides 12 or 10 bases in length 
exhibited only weak activity. Examination of the relationship 
between oligonucleotide length and Tm and antisense activity 
reveals that a sharp transition occurs between 14 and 16 bases 
in length, while Tm increases linearly with length (Figure 10). 

15 Example 10 

Specificity of antisense inhibition of ICAM-1 

The specificity of the antisense oligonucleotides ISIS 
1570 and ISIS 1939 for ICAM-1 was evaluated by 
immunoprecipitation of 35 S-labelled proteins. A549 cells were 

20 grown to confluence in 25 cm 2 tissue culture flasks and treated 
with antisense oligonucleotides as described in Example 4. The 
cells were stimulated with interleukin-lB for 14 hours, washed 
with methionine-free DMEM plus 10% dialyzed fetal calf serum, 
and incubated for 1 hour in methionine-free medium containing 

25 10% dialyzed fetal calf serum, 1 pM oligonucleotide and 
interleukin-lB as indicated. 35 S-Methionine/cysteine mixture 
(Tran 35 S-label, purchased from ICN, Costa Mesa, CA) was added 
to the cells to an activity of 100 pCi/ml and the cells were 
incubated an additional 2 hours. Cellular proteins were 

30 extracted by incubation with 50 mM Tris-HCl pH 8.0, 150 mM 
NaCl, 1.0% NP-40, 0.5% deoxycholate and 2 mM EDTA (0.5 ml per 
well) at 4°C for 30 minutes. The extracts were clarified by 
centrifugation at 18,000 x g for 20 minutes. The supernatants 
were preadsorbed with 200 pi protein G-Sepharose beads 

35 (Bethesda Research Labs, Bethesda MD) for 2 hours at 4°C, 
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divided equally and incubated with either 5 \ig ICAM-1 
monoclonal antibody (purchased from AMAC Inc., Westbrook ME) or 
HLA-A, B antibody (W6/32, produced by murine hybridoma cells 
obtained from the American Type Culture Collection , Bethesda, 
5 MD) for 15 hours at 4°C. Immune complexes were trapped by 
incubation with 200 pi of a 50% suspension of protein G- 
Sepharose (v/v) for 2 hours at 4°C, washed 5 times with lysis 
buffer and resolved on an SDS-polyacrylamide gel. Proteins 
were detected by autoradiography. 

10 Treatment of A549 cells with 5 units/ml of 

interleukin-13 was shown to result in the synthesis of a 95-100 
kDa protein migrating as a doublet which was immunoprecipitated 
with the monoclonal antibody to ICAM-1. The appearance as a 
doublet is believed to be due to differently glycosylated forms 

15 of ICAM-1. Pretreatment of the cells with the antisense 
oligonucleotide ISIS 1570 at a concentration of 1 pM decreased 
the synthesis of ICAM-1 by approximately 50%, while 1 pM ISIS 
1939 decreased ICAM-1 synthesis to near background. Antisense 
oligonucleotide ISIS 1940, inactive in the ICAM-1 ELISA assay 

20 (Examples 1 and 5) did not significantly reduce ICAM-1 
synthesis. None of the antisense oligonucleotides hybridizable 
with ICAM-1 targets had a demonstrable effect on HLA-A, B 
synthesis, demonstrating the specificity of the 
oligonucleotides for ICAM-1. Furthermore, the proteins which 

25 nonspecifically precipitated with the ICAM-1 antibody and 
protein G-Sepharose were not significantly affected by 
treatment with the antisense oligonucleotides. 

Example 11 

Screening of additional antisense oligonucleotides 
30 for activity against ICAM-1 by cell adhesion assay 

Human umbilical vein endothelial (HUVEC) cells were 

grown and treated with oligonucleotides as in Example 4 . Cells 

were treated with either ISIS 1939, ISIS 1940, or the control 

oligonucleotide ISIS 1821 for 4 hours, then stimulated with 

35 TNF-a for 20 hours. Basal HUVEC minimally bound HL-60 cells, 

while TNF-stimulated HUVEC bound 19% of the total cells added. 

Pretreatment of the HUVEC monolayer with 0.3 pM ISIS 1939 
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reduced the adherence of HL-60 cells to basal levels, as shown 
in Figure 11. The control oligonucleotide, ISIS 1821, and ISIS 
1940 reduced the percentage of cells adhering from 19% to 9%. 
These data indicate that antisense oligonucleotides targeting 
5 ICAM-1 may specifically decrease adherence of a leukocyte-like 
cell line (HL-60) to TNF-a-treated HUVEC. 

Example 12 

ELISA screening of antisense 

oligonucleotides for activity against ELAM-1 gene expression 

10 Primary human umbilical vein endothelial (HUVEC) 

cells, passage 2 to 5, were plated in 96-well plates and 
allowed to reach confluence. Cells were washed three times 
with Opti-MEM (GIBCO, Grand Island NY). Cells were treated 
with increasing concentrations of oligonucleotide diluted in 
15 Opti-MEM containing 10 pg/ml DOTMA solution (Bethesda Research 
Labs, Bethesda MD) for 4 hours at 37°C. The medium was removed 
and replaced with EGM-UV (Clonetics, San Diego CA) plus 
oligonucleotide. Tumor necrosis factor a was added to the 
medium (2.5 ng/ml ) and the cells were incubated an additional 

20 4 hours at 37 °C. 

ELAM-1 expression was determined by ELISA. Cells were 
gently washed three times with Dulbecco's phosphate-buffered 
saline (D-PBS) prewarmed to 37 °C. Cells were fixed with 95% 
ethanol at 4°C for 20 minutes, washed three times with D-PBS 

25 and blocked with 2% BSA in D-PBS- Cells were incubated with 
ELAM-1 monoclonal antibody BBA-1 (R&D Systems, Minneapolis MN) 
diluted to 0.5 pg/ml in D-PBS containing 2% BSA for 1 hour at 
37 °C. Cells were washed three times with D-PBS and the bound 
ELAM-1 antibody detected with biotinylated goat anti-mouse 

30 secondary antibody followed by B-galactosidase-conjugated 
streptavidin as described in Example 1. 

The activity of antisense phosphorothioate 
oligonucleotides which target 11 different regions on the ELAM- 
1 cDNA and two oligonucleotides which target ICAM-1 (as 

35 controls) was determined using the ELAM-1 ELISA. The 
oligonucleotide and targets are shown in Table 2. 
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TABLE 2 

ANT I SENSE OLIGONUCLEOTIDES WHICH TARGET HUMAN ELAM-1 



ISIS NO. 


SEQ 


ID NO. TARGET REGION 


MODIFICATION 


1926 


28 


AUG Codon (143-164) 


P=S 


2670 


29 


3 1 -Untranslated (3718-3737) 


P=S 


2673 


30 


3 '-Untranslated (2657-2677) 


P=S 


2674 


31 


3 ' -Untranslated (2617-2637) 


P=S 


2678 


32 


3* -Untranslated (3558-3577) 


P=S 


2579 


33 


5' -Untranslated (41-60) 


P=S 


2680 


34 


3 ' -Untranslated (3715-3729) 


P=S 


2683 


35 


AUG Codon (143-163 ) 


P=S 


2686 


36 


AUG Codon (149-169) 


P=S 


2687 


37 


5 ' -Untranslated (18-37) 


P=S 


2693 


38 


3* -Untranslated (2760-2788) 


P=S 


2694 


39 


3 ' -Untranslated (2934-2954) 


P=S 



In contrast to what was observed with antisense 
oligonucleotides targeted to ICAM-1 (Example 5), the most 
potent oligonucleotide modulator of ELAM-1 activity (ISIS 2679) 
was hybridizable with specific sequences in the 5 ' -untranslated 

20 region of ELAM-1. ISIS 2687, an oligonucleotide which 
hybridized to sequences ending three bases upstream of the ISIS 
2679 target, did not show significant activity (Figure 12). 
Therefore, ISIS 2679 hybridizes to a unique site on the ELAM-1 
mRNA, which is uniquely sensitive to inhibition with antisense 

25 oligonucleotides. The sensitivity of this site to inhibition 
with antisense oligonucleotides was not predictable based upon 
RNA secondary structure predictions or information in the 
literature. 

Example 13 

30 ELISA screening of additional antisense oligonucleotides for 
activity against ELAM-1 gene expression 
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Inhibition of ELAM-1 expression by eighteen antisense 
phosphorothioate oligonucleotides was determined using the 
ELISA assay as described in Example 12. The target sites of 
these oligonucleotides on the ELAM-1 mRNA are shown in Figure 
5 13. The sequence and activity of each oligonucleotide against 
ELAM-1 are shown in Table 3. The oligonucleotides indicated by 
an asterisk (*) have ICSO's of approximately 50 nM or below and 
are preferred. IC50 indicates the dosage of oligonucleotide 
which results in 50% inhibition of ELAM-1 expression. 



PCT/US93/08101 



o o 

H 0> 
CO -H CM 
CO pH . 

woo 
ds in 

{< c 
w 

o 
H m 
I 

u 

> o 

•h csa 
f-i • 
o o 

c 

o 

co 



- 37 - 



00 



cm in o\ co 



ro 



co vd r> vd ro cm 



co • o co vd m in •vococo^^rcint^ 

t>vDCMTy^COtnCM^CMinvDCOrXrHvO 



O a\ 



on in 



^inc^oooina>cM 



*h • o r^ 
on \d co 



iHCOCO^C^COCOCMvDCO^CN 

mmvDrH^comr>rovocMr> 



eh 
U 



< 
< 

cd o 

< Eh 
u cd 

< H 

< < 

cd cd 

< H 



u 

u 
2: 
w 

D 
O 
U 

co 



< 
u 
a 



cd o 
< < 
u cd 

£h CD 
< 
Eh 
< 



CD CD 

CD CD 

< cd 

U H 

u o 

Eh < 

cd u 

Eh Eh 

U U 

Eh Eh 



Eh 

U 

Eh 

CD 
< 



o 
< 
< 
u 

Eh 



cd u 



CD 

cd 



u 
u 
o 

Eh 



u 

Eh 
< 



U CD 



CD 
U 



< 

u 
< 



< 

u 

Eh 

u 
< 
a 

Eh 
< 

u 

Eh 
< 



cd 

£h 
< 
U 

< 
< 

U 
CD 
< 
< 
CD 

Eh 



< CD 
CD < 

< U 



< 

a 



Eh 

u 
u 
< 



Eh 
Eh 

CD CD CD 
CD 

Eh 

CD U O 

< CD CD 
O CD 

< < 

O 
H 

Eh 

< 



CD 
< 
< 
< 

U 



E* 
< 
cd 
< 
a 
u 
u 



CD U 

Eh Eh 



in 



< 
CD 
< 
O 
CD 
< 
CD 
U 
U 

u 
< 

CD 
< 

< 

O 

u 

CD 
CD 



Eh 


Eh 


Eh 










H 


< 


< 


Eh 


Eh 


Eh 






Eh 




a 


< 


U 


< 


u 


< 


u 


< 


o 


u 


CJ 




Eh 


E-« 


< 


u 


Eh 


< 


U 


< 


Eh 


CD 


Eh 


< 


u 


< 


< 


u 


CD 


< 


CD 


Eh 


< 


Eh 


u 






Eh 


H 


CD 


< 


< 


< 


< 


U 


Eh 


< 


Eh 


< 


U 


u 




< 


< 




< 




o 


Eh 


Eh 


Eh 


< 




U 


< 


CD 


CD 


Eh 


CD 


< 


O 


< 




CD 


U 


< 


Eh 


CD 


< 


U 


Eh 


U 


< 


< 


CD 


o 


CD 


U 


Eh 


CD 


Eh 


Eh 


CD 


Eh 


< 


< 


CD 


< 


Eh 


Eh 


U 




< 


Eh 


< 


Eh 


< 




< 




< 


u 


CD 


< 


U 






Eh 


< 




CD 






u 


CD 


CD 




CD 







2 
O 



CO 

o 

Cu 



On 
rH 



OS 

Eh 

I 



I 



I 

o 
«H1 



Eh e-« 



I 



in in in in 



O O 

W 2 CM 

co in 
a 



to 

H 

CO 
H 



^ ON 

V£> 00 r> 

rx vD vD 

CM CM 

4: * 











in 


CM 


CM 




vD 


CO 


CM 


CM 


VD 


VD 










in 


O 


CO 


CO 




in 




rH 




CO 




CO 


CO 


VD 


o> 


CM 
1 


o 


VD 


vD 


ON 


o 


rH 


in 




CO 


VD 


vD 


On 


rH 


CM 


CM 


CM 


CM 


CO 


CO 


ro 


CO 


i— ( 


rH 


H 


1 


vD 


1 


1 


1 


1 


1 


1 




1 


CO 


1 


1 


1 


VD 


O 


CO 




vD 


CO 


ro 


ro 


r> 




1 


CO 


CO 




CO 


o 


VD 


»H 


in 


CO 


ON 


ON 


in 


rH 




^ 








CM 


o 


vD 


vD 


ON 


cn 


o 


in 




VD 


»H 




fH 


rH 


K 


CM 


CM 


CM 


CM 


CM 


CO 


CO 


CO 












Eh 


















os 










D 
























cn 




K 


C£ 


o: 


cc 


OS 


c: 


a 


OS 










c 


CO 


Eh 


Eh 


Eh 


Eh 


Eh 


Eh 


H 




D 


CD 


CD 




•H 






^> 


D 


D 


D 


D 


D 




1 


w 




U 


1 


1 


I 


1 


I 


1 




1 










0 


\ 


















in 


< 


< 




u 


M 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


in 


VD 




in 


vD 




rH 


O 


ON 


CO 


ON 


CM 


ON 


in 


CO 


CO 


in 


in 


in 


m 


CO 


CO 


CO 


in 


in 


CO 


CM 




CO 


vD 


VD 


CM 


O 


a> 




CO 




ON 


O 


00 ' 


o 


m 


00 


CO 


in 


CO 


CO 


CM 






0> 


rH 


CM 


r-. 






vO 


vD 










vD 


vD 


vD 






VD 


vD 




CM 


CM 










CM 


CM 


CM 






CM 


CM 














* 

















X 

w 

•H 

a) 

0) 
(0 

c 

JO 

*D 
QJ 

■P 
(0 
0 

•H 

T3 
C 

•H 

0) 

to 
o 

rH 

0) 
XJ 

M 
0 

C 

o 
in 



0) 
4~> 
fO 
" E 
"H 

o 

rH 

a 
c a 

O to 

•H 

0 O 

c 

D CO 
T 

o 
C in 
0 u 

X H 

w 

C 

O -H 
U 5 

C CO 

►H Q) 

CO *H 
Q) 4J 
O 

(0 0) 

U rH 

•H O 

C C 
"H O 
Dl 
W *h 
\ H 
H O 



in 



in 



O 

CM 



WO 94/05333 



PCI7US93/08101 



- 38 - 

An additional oligonucleotide targeted to the 3 1 -untranslated 
region (ISIS 4728) did not inhibit ELAM expression. 

Example 14 

ELISA screening of antisense oligonucleotides for activity 
5 against VCAM-1 gene expression 

Inhibition of VCAM-1 expression by fifteen antisense 

phosphorothioate oligonucleotides was determined using the 

ELISA assay approximately as described in Example 12, except 

that cells were stimulated with TNF-a for 16 hours and VCAM-1 

10 expression was detected by a VCAM-1 specific monoclonal 
antibody (R&D Systems, Minneapolis, MN) used at 0.5 pg/ml. 
The target sites of these oligonucleotides on the VCAM-1 mRNA 
are shown in Figure 14, The sequence and activity of each 
oligonucleotide against VCAM-1 are shown in Table 4. The 

15 oligonucleotides indicated by an asterisk (*) have IC50's of 
approximately 50 nM or below and are preferred. IC50 indicates 
the dosage of oligonucleotide which results in 50% inhibition 
of VCAM-1 expression. 
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Example 15 

ICAM-1 expression in C8161 human melanoma cells: Human melanoma 
cell line C8161 (a gift of Dr. Dan Welch, Hershey Medical 
Center) was derived from an abdominal wall metastasis from a ' 
5 patient with recurrent malignant melanoma. These cells form 
multiple metastases in lung, subcutis, spleen, liver and ' 
regional lymph nodes after subcutaneous, intradermal and 
intravenous injection into athymic nude mice* Cells were grown 
in DMA-F12 medium containing 10% fetal calf serum and were 
10 passaged using 2 mM EDTA. 

Exposure of C8161 cells to TNF-a resulted in a six- 
fold increase in cell surface expression of ICAM-1 and an 
increase in ICAM-1 mRNA levels in these cells. ICAM-1 
expression on the cell surface was measured by ELISA. Cells 
15 were treated with increasing concentrations of antisense 
oligonucleotides in the presence of 15 pg/ml Lipofectin for 4 
hours at 37 °C. ICAM-1 expression was induced by incubation with 
5 ng/ml TNF-a for 16 hours. Cells were washed 3x in DPBS and 
fixed for 20 minutes in 2% formaldehyde. Cells were washed in 
20 DPBS, blocked with 2% BSA for 1 hour at 37°C and incubated with 
ICAM-1 monoclonal antibody 84H10 (AMAC, Inc., Westbrooke, ME). 
Detection of bound antibody was determined by incubation with 
a biotinylated goat anti-mouse IgG followed by incubation with 
6-galactosidase-conjugated streptavidin and developed with 
25 chlorophenol red-6-D-galactopyranoside and quantified by 
absorbance at 575 nm. ICAM-1 mRNA levels were measured by 
Northern blot analysis. 
Example 16 

Oligonucleotide inhibition of ICAM-1 expression in C8161 human 
30 melanoma cells: As shown in Figure 15, antisense 
oligonucleotides ICAM 1570 ( SEQ ID NO: 1 ) , ISIS 1939 ( SEQ ID 
NO: 15) and ISIS 2302 (SEQ ID NO: 22) targeted to ICAM-1 
decreased cell surface expression of ICAM-1 (detected by ELISA 
as in Example 16). ISIS 1822, a negative control 
35 oligonucleotide complementary to 5-lipoxygenase, did not affect 
ICAM-1 expression. The data were expressed as percentage of 
control activity, calculated as follows: ( ICAM-1 expression for 
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oligonucleotide- treated, cytokine-induced cells )-( basal ICAM-1 
expression )/( ICAM-1 cytokine-induced expression )-( basal ICAM-1 
expression) x 100. 

ISIS 1939 (SEQ ID NO: 15) and ISIS 2302 (SEQ ID NO: 
5 22) markedly reduced ICAM-1 mRNA levels (detected by Northern 
blot analysis), but ISIS-1570 (SEQ ID NO: 1) decreased ICAM-1 
mRNA levels only slightly. 

Example 17 

Experimental metastasis assay: To evaluate the role of ICAM-1 
10 in metastasis, experimental metastasis assays were performed by 
injecting 1 x lO 5 C8161 cells into the lateral tail vein of 
athymic nude mice. Treatment of C8161 cells with the cytokine 
TNF-a and interferon y has previously been shown to result in 
an increased number of lung metastases when cells were injected 
15 into nude mice [Miller, D.E. and Welch, D.R. (1990) Proc. Am. 
Assoc. Cancer Res. 13: 353]. 

After 4 weeks, mice were sacrificed, organs were 
fixed in Bouin's fixative and metastatic lesions on lungs were 
scored with the aid of a dissecting microscope. Four-week-old 
20 female athymic nude mice (Harlan Sprague Dawley) were used. 
Animals were maintained under the guidelines of the NIH. Groups 
of 4-8 mice each were tested in experimental metastasis assays. 

Example 18 

25 Antisense oligonucleotides ISIS 1570 and ISIS 2302 decrease 
metastatic potential of C8161 cells: Treatment of C8161 cells 
with antisense oligonucleotides, ISIS 1570 and ISIS 2302, 
complementary to ICAM-1, was performed in the presence of the 
cationic lipid, Lipofectin (Gibco/BRL, Gaithersburg, MD). 

30 Antisense oligonucleotides were synthesized as described in 
Example 3. Cells were seeded in 60 mm tissue culture dishes at 
10 6 cells/ml and incubated at 37 °C for 3 days, washed with 
Opti-MEM (Gibco/BRL) 3 times and lOOpl of Opti-MEM medium was 
added to each well. 0.5 pM oligonucleotide and 15 pg/ml 

35 lipofectin were mixed at room temperature for 15 minutes. 25 \xl 
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of the oligbnucleotide-lipofectin mixture was added to the 
appropriate dishes and incubated at 37 °C for 4 hr. The 
oligonucleotide-lipofectin mixture was removed and replaced 
with DME-F12 medium containing 10% fetal calf serum. After 4 ' 
5 hours, 5-OOU/ml TNF-a was added to the appropriate wells and 
incubated for 18 hours at which time cells were removed from * 
the plates, counted and injected into athymic nude mice. 

Treatment of C8161 cells with ISIS 1570 (SEQ ID NO: 
1) or ISIS 2302 (SEQ ID NO: 22) decreased the metastatic 
10 potential of these cells, and eliminated the enhanced 
metastatic ability of C8161 which resulted from TNF-a 
treatment. Data are shown in Table 5. 



Table 5 

Effect of antisense oligonucleotides to ICAM-1 

15 on experimental metastasis of human melanoma cell line C8161 

Treatment No. Lung Metastases per Mouse 
(Mean + S.E.M. ) 



Lipofectin only 64+13 

Lipofectin + TNF-a 81+ 8 

20 ISIS-1570 + Lipofectin 38+15 

ISIS-2302 + Lipofectin 23+ 6 

ISIS-1570 + Lipofectin + TNF-a 49+ 6 

ISIS-2302 + Lipofectin + TNF-a 31+ 8 



Example 19 

25 Murine models for testing antisense oligonucleotides against 
ICAM-1: Many conditions which are believed to be mediated by 
intercellular adhesion molecules are not amenable to study in 
humans. For example, allograft rejection is a condition which 
is likely to be ameliorated by interference with ICAM-1 - 

30 expression, but clearly this must be evaluated in animals 
rather than human transplant patients. Another such example is 
inflammatory bowel disease, and yet another is neutrophil 
migration (infiltration). These conditions can be tested in 
animal models, however, such as the mouse models used here. 

35 Oligonucleotide sequences for inhibiting ICAM-1 
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expression in murine cells were identified. Murine ICAM-1 has 
approximately 50% homology with the human ICAM-1. sequence; a 
series of oligonucleotides which target the mouse ICAM-1 mRNA 
sequence were designed and synthesized, using information 
5 gained from evaluation of oligonucleotides targeted to human 
ICAM-1. These oligonucleotides were screened for activity using 
an immunoprecipitation assay. 

Murine DCEK-ICAM-1 cells (a gift from Dr. Adrienne 
Brian, University of California at San Diego) were treated with 
10 1 pM of oligonucleotide in the presence of 20 pg/ml DOTMA/DOPE 
solution for 4 hours at 37 °C. The medium was replaced with 
methionine- free medium plus 10% dialyzed fetal calf serum and 
1 pM antisense oligonucleotide. The cells were incubated for 1 
hour in methionine-f ree medium, then lOOpCi/ml 35 S-labeled 
15 methionine/cysteine mixture was added to the cells. Cells were 
incubated an additional 2 hours, washed 4 times with PBS, and 
extracted with buffer containing 20 mM Tris, pH 7.2, 20 mM KC1, 
5 mM EDTA, 1% Triton X-100, 0.1 mM leupeptin, 10 pg/ml 
aprotinin, and 1 mM PMSF. ICAM-1 was immunoprecipitated from 
20 the extracts by incubating with a murine-specif ic ICAM-1 
antibody (YN1/1.7.4) followed by protein G-sepharose. The 
immunoprecipitates were analyzed by SDS-PAGE and 
autoradiographed. Phosphorothioate oligonucleotides ISIS 3066 
and 3069, which target the AUG codon of mouse ICAM-1, inhibited 
25 ICAM-1 synthesis by 48% and 63%, respectively, while 
oligonucleotides ISIS 3065 and ISIS 3082, which target 
sequences in the 3 ' -untranslated region of murine ICAM-1 mRNA 
inhibited ICAM-1 synthesis by 47% and 97%, respectively. The 
most active antisense oligonucleotide against mouse ICAM-1 was 
30 targeted to the 3 1 -untranslated region. ISIS 3082 was evaluated 
further based on these results; this 20-mer phosphorothioate 
oligonucleotide comprises the sequence ( 5 ' to 3 ! ) TGC ATC CCC 
CAG GCC ACC AT ( SEQ ID NO: 83). 
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Example 20 

Antisense oligonucleotides to ICAM-1 reduce inflammatory bowel 
disease in murine model system: 

A mouse model for inflammatory bowel disease (IBD) 
5 has recently been developed. Okayasu et al., (1990) 
Gastroenterology 98:694-702. Administration of dextran sulfate 
to mice induces colitis that mimics human IBD in almost every 
detail. Dextran sulf ate-induced IBD and human IBD have 
subsequently been closely compared at the histological level 
10 and the mouse model has been found to be an extremely 
reproducible and reliable model. It is used here to test the 
effect of ISIS 3082, a 20-base phosphorothioate antisense 
oligonucleotide which is complementary to the 3 1 untranslated 
region of the murine ICAM-1. 
15 Female Swiss Webster mice (8 weeks of age) weighing 

approximately 25 to 30 grams are kept under standard 
conditions. Mice are allowed to acclimate for at least 5 days 
before initiation of experimental procedures. Mice are given 5% 
dextran sulfate sodium in their drinking water. (available ad 
20 libitum) for 5 days. Concomitantly, ISIS 3082 oligonucleotide 
in pharmaceutical carrier, carrier alone (negative control) or 
TGF-B (known to protect against dextran sulf ate-mediated 
colitis in mice) is administered. ISIS 3082 was given as daily 
subcutaneous injection of 1 mg/kg or 10 mg/kg for 5 days. TGF-B 
25 was given as 1 pg/mouse intracolonically . At 1 mg/kg, the 
oligonucleotide was as effective as TGF-p in protecting against 
dextran-sulfate-induced colitis. 

Mice were sacrificed on day 6 and colons were 
subjected to histopathologic evaluation. Until sacrifice, 
30 disease activity was monitored by observing mice for weight 
changes and by observing stools for evidence of colitis. Mice 
were weighed daily. Stools were observed daily for changes in 
consistency and for presence of occult or gross bleeding. A 
scoring system was used to develop a disease activity index by 
35 which weight loss, stool consistency and presence of bleeding 
were graded on a scale of 0 to 3 (0 being normal and 3 being 
most severely affected) and an index was calculated. Drug- 
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induced changes in the disease activity index were analyzed 
statistically. The disease activity index has been shown to 
correlate extremely well with IBD in general. Results are shown 
in Figure 16. At 1 mg/kg, the oligonuleotide reduced the 
5 disease index by 40%. 

Example 21 

Antisense oligonucleotide to ICAM-1 increases survival in 
murine heterotopic heart transplant model: To determine the 
therapeutic effects of ICAM-1 antisense oligonucleotide in 

10 preventing allograft rejection the murine ICAM-1 specific 
oligonucleotide ISIS 3082 was tested for activity in a murine 
vascularized heterotopic heart transplant model- Hearts from 
Balb/c mice were transplanted into the abdominal cavity of C3H 
mice as primary vascularized grafts essentially as described by 

15 Isobe et al. [(1991) Circulation 84_l1246-1255] . Oligonucleotides 
were administered by continuous intravenous administration via 
a 7-day Alzet pump. The mean survival time for untreated mice 
was 9.2 + 0.8 days (8, 9, 9, 9, 10, 10 days). Treatment of the 
mice for 7 days with 5 mg/kg ISIS 3082 increased the mean 

20 survival time to 14.3 + 4.6 days (11, 12, 13, 21 days). 

Example 22 

Antisense oligonucleotide to ICAM-1 decreases leukocyte 
migration: Leukocyte infiltration of tissues and organs is a 
major aspect of the inflammatory process and contributes to 

25 tissue damage resulting from inflammation. The effect of ISIS 
3082 on leukocyte migration was examined using a mouse model in 
which carrageenan- soaked sponges were implanted subcutaneously. 
Carrageenan stimulates leukocyte migration and edema* Effect of 
oligonucleotide on leukocyte migration in inflammatory exudates 

30 is evaluated by quantitation of leukocytes infiltrating the 
implanted sponges. Following a four hour fast, 40 mice were 
assigned randomly to eight groups each containing five mice. Each 
mouse was anesthetized with Metofane® and a polyester sponge 
impregnated with 1 ml of a 20 mg/ml solution of carrageenan was 

35 implanted subcutaneously. Saline was administered intravenously 
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to Group 1 at 10 ml/kg four hours prior to sponge implantation 
and this served as the vehicle control. Indomethacin (positive 
control) was administered orally at 3 mg/kg at a volume of 20 
ml/kg to Group 2 immediately following surgery, again 6-8 hours 
5 later and again at 21 hours post-implantation, ISIS 3082 was 
administered intravenously at 5 mg/kg to Group 3 four hours prior 
to sponge implantation. ISIS 3082 was administered intravenously 
at 5 mg/kg to Group 4 immediately following sponge implantation. 
ISIS 3082 was administered intravenously at 5 mg/kg to Groups 

10 5, 6, 7 and 8 at 2, 4, 8 and 18 hours following sponge 
implantation, respectively. Twenty- four hours after implantation, 
sponges were removed, immersed in EDTA and saline (5 ml) and 
squeezed dry. Total numbers of leukocytes in sponge exudate 
mixtures were determined. 

15 The oral administration of indomethacin at 3 mg/kg 

produced a 79% reduction in mean leukocyte count when compared 
to the vehicle control group. 

A .42% reduction in mean leukocyte count was observed 
following the administration of ISIS 3082 at 5 mg/kg four hours 

20 prior to sponge implantation (Group 3). A 47% reduction in mean 
leukocyte count was observed following the administration of ISIS 
3082 at 5 mg/kg immediately following sponge implantation (Group 
4). All animals appeared normal throughout the course of study. 
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(1) GENERAL INFORMATION: 

(i) APPLICANT: Bennett and Mirabelli 

(ii) TITLE OF INVENTION: Oligonucleotide Modulation 

of Cell Adhesion 

(iii) NUMBER OF SEQUENCES: 85 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Woodland Falls Corporate Park 

(B) STREET: 210 Lake Drive East, Suie 201 

(C) CITY: Cherry Hill 

(D) STATE: NJ 

(E) COUNTRY: USA 

(F) ZIP: 08002 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: DISKETTE, 3.5 INCH, 1.44 Mb STORAGE 

(B) COMPUTER: IBM PS/2 

(C) OPERATING SYSTEM: PC-DOS 

(D) SOFTWARE: WORDPERFECT 5.0 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: n/a 

(B) FILING DATE: Herewith 

(C) CLASSIFICATION: 

(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: 939,855 

(B) FILING DATE: September 2, 1992 
(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: PCT/US91 /052O9 

(B) FILING DATE: July 23, 1991 
(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: 567,286 

(B) FILING DATE: August 14, 1990 
(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: 007,997 

(B) FILING DATE: January 20, 1993 
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(viii) ATTORNEY/ AGENT INFORMATION: 

(A) NAME: Jane Massey Licata 

(B) REGISTRATION NUMBER: 32,257 

(C) REFERENCE/DOCKET NUMBER: ISPH-0002 

(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: (609) 779-2400 

(B) TELEFAX: (609) 779-8488 
(2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS : Single 

(D) TOPOLOGY: Linear 
(iv) ANTI -SENSE: Yes 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1: 



(2) INFORMATION FOR SEQ ID NO: 2: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 
(iv) ANTI -SENSE: Yes 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 



(2) INFORMATION FOR SEQ ID NO: 3: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 
(iv) ANTI -SENSE: Yes 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 



TGGGAGCCAT AGCGAGGC 



18 



GAGGAGCTCA GCGTCGACTG 



20 



GACACTCAAT AAATAGCTGG T 
(2) INFORMATION FOR SEQ ID NO: 4: 
(i) SEQUENCE CHARACTERISTICS: 



21 



(A) LENGTH: 18 
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(S) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 
(iv) ANTI-SENSE: Yes 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 
GAGGCTGAGG TGGGAGGA 
(2) INFORMATION FOR SEQ ID NO: 5: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 
(iv) ANTI-SENSE: Yes 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 
CGATGGGCAG TGGGAAAG 
(2) INFORMATION FOR SEQ ID NO: 6: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 

(B) TYPE: Nucleic Acid 
(C.) STRANDEDNESS: Single 
(D) TOPOLOGY: Linear 

(iv) ANTI -SENSE: Yes 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6 
GGGCGCGTGA TCCTTATAGC 
(2) INFORMATION FOR SEQ ID NO: 7: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 
(iv) ANTI -SENSE: Yes 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7 
CATAGCGAGG CTGAGGTTGC 
(2) INFORMATION FOR SEQ ID NO: 8: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 

(B) TYPE: Nucleic Acid 
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(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 
(iv) ANTI -SENSE: Yes 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 

CGGGGGCTGC TGGGAGCCAT 20 
(2) INFORMATION FOR SEQ ID NO: 9: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 
(iv) ANTI -SENSE: Yes 

"(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 

AGAGCCCCGA GCAGGACCAG 20 
(2) INFORMATION FOR SEQ ID NO: 10: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 
(iv) ANTI -SENSE: Yes 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 

TGCCCATCAG GGCAGTTTGA 20 
(2) INFORMATION FOR SEQ ID NO: 11: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 
(iv) ANTI -SENSE: Yes 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 

GGTCACACTG ACTGAGGCCT 20 
(2) INFORMATION FOR SEQ ID NO: 12: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 
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(D) TOPOLOGY: Linear 
(iv) ANTI -SENSE: Yes 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 
CTCGCGGGTG ACCTCCCCTT 
(2) INFORMATION FOR SEQ ID NO: 13: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS : Single 

(D) TOPOLOGY: Linear 
(iv) ANTI -SENSE: Yes 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 
TCAGGGAGGC GTGGCTTGTG 
(2) INFORMATION FOR SEQ ID NO: 14: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 
(iv) ANTI -SENSE: Yes 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 
CCTGTCCCGG GATAGGTTC A 
(2) INFORMATION FOR SEQ ID NO: 15: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 
(iv) ANTI-SENSE: Yes 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 
CCCCCACCAC TTCCCCTCTC 
(2) INFORMATION FOR SEQ ID NO: 16: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 
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(iv) ANTI-SENSE: Yes 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 

TTGAGAAAGC TTTATTAACT 20 
(2) INFORMATION FOR . SEQ ID NO: 17: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 14 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 
(iv) ANTI -SENSE: Yes 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17: 

AGCCATAGCG AGGC 14 
(2) INFORMATION FOR SEQ ID NO: 18-: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 12 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 
(iv) ANTI-SENSE: Yes 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18: 

CCATAGCGAG GC 12 
(2) INFORMATION FOR SEQ ID NO: 19: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 
(iv) ANTI -SENSE: Yes 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19: 

ATAGCGAGGC 10 
(2) INFORMATION FOR SEQ ID NO: 20: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 16 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 
(iv) ANTI-SENSE: Yes 



WO 94/05333 

- 53 - 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 20 
TGGGAGCCAT AGCGAG 
(2) INFORMATION FOR SEQ ID NO: 21: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 16 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS : Single 

(D) TOPOLOGY: Linear 
(iv) ANTI -SENSE : Yes 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 21: 
GGAGCCATAG CGAGGC 
(2) INFORMATION FOR SEQ ID NO: 22: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 
(iv) ANTI-SENSE: Yes 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 22: 
GCCCAAGCTG GCATCCGTCA 
(2) INFORMATION FOR SEQ ID NO: 23: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 
(iv) ANTI-SENSE: Yes 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 23: 
TCTGTAAGTC TGTGGGCCTC 
(2) INFORMATION FOR SEQ ID NO: 24: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 
(iv) ANTI-SENSE: Yes 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 24: 



WO 94/05333 



PCT/US93/08101 



- 54 - 

AGTCTTGCTC CTTCCTCTTG 20 
(2) INFORMATION FOR SEQ ID NO: 25: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS : Single 

(D) TOPOLOGY: Linear 
(iv) ANTI-SENSE : Yes 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 25: 

CTCATCAGGC TAGACTTTAA 20 
(2) INFORMATION FOR SEQ ID NO: 26: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 
(iv) ANTI -SENSE: Yes 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 26: 

TGTCCTCATG GTGGGGCTAT 20 
(2) INFORMATION FOR SEQ ID NO: 27: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 22 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 
(iv) ANTI-SENSE: Yes 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 27: 

TCTGAGTAGC AGAGGAGCTC GA 22 
(2) INFORMATION FOR SEQ ID NO: 28: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 22 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 
(iv) ANTI-SENSE: Yes 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: -28: 

CAATCATGAC TTCAAGAGTT CT 22 
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(2) INFORMATION FOR SEQ ID NO: 29: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS : Single 

(D) TOPOLOGY: Linear 
(iv) ANTI-SENSE: Yes 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 29: 

ACCACACTGG TATTTCACAC 20 
(2) INFORMATION FOR SEQ ID NO: 30: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 
(iv) ANTI-SENSE: Yes 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 30: 

GTATGGAAGA TTATAATATA T .„ 21 

(2) INFORMATION FOR SEQ ID NO: 31: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 
(iv) ANTI-SENSE: Yes 

(xi.) SEQUENCE DESCRIPTION: SEQ ID NO: 31: 

CACAATCCTT AAGAACTCTT T 21 
(2) INFORMATION FOR SEQ ID NO: 32: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 
(iv) ANTI -SENSE: Yes 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 32: 

ACCTCTGCTG TTCTGATCCT 20 
(2) INFORMATION FOR SEQ ID NO: 33: 
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(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 20 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 
(iv) ANTI -SENSE : Yes 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 33: 

CTGCTGCCTC TGTCTCAGGT 20 
(2) INFORMATION FOR SEQ ID NO: 34: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 15 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 
(iv) ANTI -SENSE: Yes 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 34: 

GGTATTTGAC ACAGC 15 
(2) INFORMATION FOR SEQ ID NO: 35: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY:" Linear 
(iv) ANTI-SENSE: Yes 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 35: 

AATCATGACT TCAAGAGTTC T 21 
(2) INFORMATION FOR SEQ ID NO: 36: 
( i ) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 21 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 
(iv) ANTI -SENSE: Yes 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 36: 

TGAAGCAATC ATGACTTCAA G 21 
(2) INFORMATION FOR SEQ ID NO: 37: 
(i) SEQUENCE CHARACTERISTICS: 
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(A) LENGTH: 20 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 
(iv) ANTI -SENSE: Yes 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 37: 

TATAGGAGTT TTGATGTGAA 20 
(2) INFORMATION FOR SEQ ID NO: 38: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 
(iv) ANTI -SENSE: Yes 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 38: 

ACAATGAGGG GGTAATCTAC A 21 
(2) INFORMATION FOR SEQ ID NO: 39: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 
(iv) ANTI -SENSE: Yes 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 39: 

GACAATATAC AAACCTTCCA T 21 
(2) INFORMATION FOR SEQ ID NO: 40: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 
(iv) ANTI-SENSE: Yes 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 40: 

CCAGGCATTT TAAGTTGCTG T 21 
(2) INFORMATION FOR SEQ ID NO: 41: 
(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 20 



WO 94/05333 



PCI7US93/08101 



- 58 - 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 
(iv) ANTI-SENSE: Yes 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 41: 

CCTGAAGCCA GTGAGGCCCG 20 
(2) INFORMATION FOR SEQ ID NO: 42: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 
(iv) ANTI -SENSE: Yes 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 42: 

GATGAGAAAA TAGTGGAACC A 21 
(2) INFORMATION FOR SEQ ID NO: 43: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 19 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 
(iv) ANTI -SENSE: Yes 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 43: 

CTGAGCAAGA TATCTAGAT 19 
(2) INFORMATION FOR SEQ ID NO: 44: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 19 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 
(iv) ANTI -SENSE: Yes 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 44: 

CTACACTTTT GATTTCTGT 19 
(2) INFORMATION FOR SEQ ID NO: 45: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 22 

(B) TYPE: Nucleic Acid 
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(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 
(iv) ANTI-SENSE : Yes 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 45: 

TTGAACATAT CAAGCATTAG CT 22 
(2) INFORMATION FOR SEQ ID NO: 46: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 22 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 
(iv) ANTI-SENSE: Yes 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 46: 

TTTACATATG TACAAATTAT GT 22 
(2) INFORMATION FOR SEQ ID NO: 47: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 22 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 
(iv) ANTI -SENSE: Yes 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 47: 

AATTATCACT TTACTATACA AA 22 
(2) INFORMATION FOR SEQ ID NO: 48: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 
(iv) ANTI-SENSE: Yes 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 48: 

AGGGCTGACC AAGACGGTTG T .21 
(2) INFORMATION FOR SEQ ID NO: 49: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20. 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 
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(D) TOPOLOGY: Linear 
(iv) ANTI -SENSE : Yes 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 49: 

CCATCTTCCC AGGCATTTTA 20 
(2) INFORMATION FOR SEQ ID NO: 50: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 
(iv) ANTI -SENSE: Yes 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 50: 

AACCCAGTGC TCCCTTTGCT 20 
(2) INFORMATION FOR SEQ ID NO: 51: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 
(iv) ANTI -SENSE: Yes 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 51: 

GGCCACATTG GGAAAGTTGC 20 
(2) INFORMATION FOR SEQ ID NO: 52: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 
(iv) ANTI-SENSE: Yes 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 52: 
GAAGTCAGCC AAGAACAGCT 20 
(2) INFORMATION FOR SEQ ID NO: 53: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 
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(iv) ANTI -SENSE: Yes 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 53: 
ACAGGATCTC TCAGGTGGGT 20 
(2) INFORMATION FOR SEQ ID NO: 54: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS : Single 

(D) TOPOLOGY: Linear 
(iv) ANTI -SENSE: Yes 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 54: 
CCAAAGTGAG AGCTGAGAGA 20 
(2) INFORMATION FOR SEQ ID NO: 55: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 
(iv) ANTI -SENSE: Yes 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 55: 
CTGATTCAAG GCTTTGGCAG 20 
(2) INFORMATION FOR SEQ ID NO: 56: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 
(iv) ANTI-SENSE: Yes 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 56: 
TTCCCCAGAT GCACCTGTTT 20 
(2) INFORMATION FOR SEQ ID NO: 57: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 
(iv) ANTI -SENSE: Yes 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 57: 
GGGCCAGAGA CCCGAGGAGA 20 
(2) INFORMATION FOR SEQ ID NO: 58: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS : Single 

(D) TOPOLOGY: Linear 
(iv) ANTI -SENSE: Yes 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 58: 
ACGTTTGGCC TCATGGAAGT 20 
(2) INFORMATION FOR SEQ ID NO: 59: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 
(iv) ANTI-SENSE: Yes 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 59: 
GGAATGCAAA GCACATCCAT 20 
(2) INFORMATION FOR SEQ ID NO: 60: 
(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 20 
'(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 
( i v ) ANTI -SENSE : . Yes 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 60: 
CGATGCAGAT ACCGCGGAGT 20 
(2) INFORMATION FOR SEQ ID NO: 61: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 n 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 
(iv) ANTI-SENSE: Yes 

^(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 61: 
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GCCTGGGAGG GTATTCAGCT 20 
(2) INFORMATION FOR SEQ ID NO: 62: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 
(iv) ANTI- SENSE: Yes 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 62: 
CCTGTGTGTG CCTGGGAGGG 20 
(2) INFORMATION FOR SEQ ID NO: 63: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 
(iv) ANTI-SENSE: Yes 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 63: 
GGCATTTTAA GTTGCTGTCG 20 
(2) INFORMATION FOR SEQ ID NO: '64: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 
(iv) ANTI-SENSE: Yes 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 64: 
CAGCCTGCCT TACTGTGGGC 20 
(2) INFORMATION FOR SEQ ID NO: 65: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 
(iv) ANTI-SENSE: Yes 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 65: 

CTTGAACAAT TAATTCCACC T 21 



WO 94/05333 



PCT/US93/08101 



- 64 - 

(2) INFORMATION FOR SEQ ID NO: 66: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 
(iv) ANTI-SENSE: Yes 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 66: 
TTACCATTGA CATAAAGTGT T 21 
(2) INFORMATION FOR SEQ ID NO: 67: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 
(iv) ANT I -SENSE: Yes 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 67: 
CTGTGTCTCC TGTCTCCGCT 20 
(2) INFORMATION FOR SEQ ID NO: 68: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear, 
(iv) ANTI-SENSE: Yes 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 68: 
GTCTTTGTTG TTTTCTCTTCC 21 
( 2 ) INFORMATION FOR SEQ ID NO : 69 : 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 
(iv) ANTI-SENSE: Yes 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 69: 
TGAACATATC AAGCATTAGC 20 
(2) INFORMATION FOR SEQ ID NO: 70: 
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(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS : Single 

(D) TOPOLOGY: Linear 
(iv) ANTI-SENSE: Yes 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 70: 
GCAATCTTGC TATGGCATAA 
(2) INFORMATION FOR SEQ ID NO: 71: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 
(iv) ANTI-SENSE: Yes 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 71: 
CCCGGCATCT TTACAAAACC 
(2) INFORMATION FOR SEQ ID NO: 72: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 
(iv) ANTI -SENSE: Yes 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 72: 
AACATCTCCG TACCATGCCA 
(2) INFORMATION FOR SEQ ID NO: 73: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 22 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 
(iv) ANTI-SENSE: Yes 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 73: 
TCACTGCTGC CTCTGTCTCA GG 
(2) INFORMATION FOR SEQ ID NO: 74: 
(i) SEQUENCE CHARACTERISTICS: 
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(A) LENGTH: 23 

(B) TYPE: Nucleic Acid 

( C ) STRANDEDNESS : Single 

(D) TOPOLOGY: Linear 
(iv) ANTI-SENSE: Yes 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:^ 74: 
TGATTCTTTT GAACTTAAAA GGA 
(2) INFORMATION" FOR SEQ ID NO: 75: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 
(iv) ANTI -SENSE : Yes 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 75: 
TTAAAGGATG TAAGAAGGCT 
(2) INFORMATION FOR SEQ ID NO: 76: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 19 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 
(iv) ANTI -SENSE: Yes 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 76: 
CATAAGCACA TTTATTGTC 
(2) INFORMATION FOR SEQ ID NO: 77: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 
(iv) ANTI -SENSE: Yes 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 77: 
TTTTGGGAAG CAGTTGTTCA 
(2) INFORMATION FOR SEQ ID NO: 78 : 
(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 21 
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(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 
(iv) ANTI-SENSE: Yes 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 78: 
AACTGTGAAG CAATCATGAC T 
(2) INFORMATION FOR SEQ ID NO: 79: 
(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 22 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 
(iv) ANTI-SENSE: Yes 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 79: 
CCTTGAGTGG TGCATTCAAC CT 
(2) INFORMATION FOR SEQ ID NO: 80: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 22 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 
(iv) ANTI -SENSE: Yes 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 80: 
AATGCTTGCT CACACAGGCA TT 
(2) INFORMATION FOR SEQ ID NO: 81: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 
(iv) ANTI -SENSE: Yes 

■ (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 81: 
GCCTCGCTAT GGCTCCCA 
(2) INFORMATION FOR SEQ ID NO: 82: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 

(B) TYPE: Nucleic Acid 
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(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 
(iv) ANTI -SENSE: Yes 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 82: 
CATGGCGCGG GCCGCGGG 
(2) INFORMATION FOR SEQ ID NO: 83: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 
(iv) ANTI-SENSE: Yes 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 83: 
TGCATCCCCC AGGCCACCAT 
(2) INFORMATION FOR SEQ ID NO: 84: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 
(iv) ANTI -SENSE: Yes 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 84: 
TCTGAGTAGC AGAGGAGCTC 20 
(2) INFORMATION FOR SEQ ID NO: 85: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 
(iv) ANTI -SENSE: Yes 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 85: 
TATGTCTCCC CCACCACTTC 20 
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What is claimed is: 

1 . An oligonucleotide specifically hybridizable with 
at least a portion of a nucleic acid encoding a protein capable 
of modulating cell adhesion. 

5 2. The oligonucleotide of claim 1 which is 

specifically hybridizable with mRNA . 

3. The oligonucleotide of claim 1 which is 
specifically hybridizable with a gene, forming a triple stranded 
structure for modulating the amount of mRNA made from said gene. 



10 



4. The oligonucleotide of claim 2 specifically 
hybridizable with a transcription initiation site, a translation 
initiation site, 5 • -untranslated sequences, 3' untranslated 
sequences or an intron/exon junction. 

5. The oligonucleotide of claim 4 specifically 
15 hybridizable with 5' cap site or an intervening sequence. 

6 . The oligonucleotide of claim 1 wherein said protein 
is intercellular adhesion molecule-1. 

7 . The oligonucleotide of claim 1 wherein said protein 
is endothelial leukocyte adhesion molecule-1. 

20 8 - The oligonucleotide of claim 1 wherein said protein 

is vascular cell adhesion molecule-1. 

9. The oligonucleotide of claim 1 comprising from 
about 3 to about 50 nucleotides. 



10. The oligonucleotide of claim 1 comprising from 
25 about 8 to about 25 nucleotides. 

11. The oligonucleotide of claim 1 comprising from 
about 10 to about 20 nucleotides. 
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12. A pharmaceutical composition comprising an 
oligonucleotide of claim 1 and a pharmaceutically acceptable 
carrier. 

13. The oligonucleotide of claim 1 wherein at least 
5 one of the linking groups between nucleotide units comprises a 

«. sulfur-containing species. 

14. The oligonucleotide of claim 1 wherein at least 
one of the linking groups between nucleotide units comprises a 
phosphorothioate moiety. 

10 15. An oligonucleotide comprising SEQ ID NO: 1, 2, 

3, 4, 5, 6, 7, 8, 13, 14, 15, 16, 22, 28, 40, 41, 42, 43, 44, 
45, 46, 47, 48, 73, 74, 75, 76, 77, 78, 79, 80 or 85. 

16. A pharmaceutical composition comprising an 
oligonucleotide of claim 15 and a pharmaceutically acceptable 

15 carrier. 

17. The oligonucleotide of claim 15 wherein at least 
one of the linking groups between nucleotide units comprises a 
sulfur containing species. 

18. The oligonucleotide of claim 15 wherein at least 
20 one of the linking groups between nucleotide units comprises a 

phosphorothioate moiety. 

19. A method of modulating the synthesis of 
intercellular adhesion molecules in a cell or tissue comprising 
contacting the cell or tissue with an oligonucleotide 

*5 specifically hybridizable with nucleic acids encoding at least 
a portion of a protein capable of modulating cell adhesion and 
modulating the synthesis of intracellular adhesion molecules in 
the cell or tissue. 
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20. The method of claim 19 wherein the oligonucleotide 
is specifically hybridizable with a transcription initiation 
site, a translation initiation site, 5 1 -untranslated sequence, 
3 f -untranslated sequences, or an intervening sequence. 

5 21 . The method of claim 19 wherein said oligonucleotide 

is specifically hybridizable with a 5' cap site of mRNA or an 
adjacent sequence. 

22. The method of claim 19 wherein said protein is 
intercellular adhesion molecule-1. 

10 23- The method of claim 19 wherein said protein is 

endothelial leukocyte adhesion molecule-1. 

24. The method of claim 19 wherein said protein is 
vascular cell adhesion molecule-1. 

25. The method of claim 19 wherein the oligonucleotide 
15 comprises SEQ ID NO: 1, 2, 3, 4, 5, 6, 7, 8, 13, 14, 15, . 16, 22, 

28, 40, 41, 42, 43, 44, 45, 46, 47, 48, 73, 74, 75, 76, 77, 78, 
79, 80 or 85. 

26. The method of claim 19 wherein at least one of 
the linking groups between nucleotide units comprises a sulfur- 

20 containing species. 

27. The method of claim 19 wherein at least one of 
the linking groups between nucleotide units comprises a 
phosphorothioate moiety. 
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28. A method of treating an animal suspected of having 
a disease which is modulated by changes in intercellular adhesion 
molecules comprising contacting an animal with a therapeutically 
effective amount of an oligonucleotide specifically hybridizable 

5 with nucleic acids encoding at least a portion of a protein which 
modulates the synthesis or metabolism of intercellular adhesion 
molecules, 

29. The method of claim 28 wherein said oligonucleotide 
is specifically hybridizable to a transcription initiation site, 

10 translation initiation site, 5 1 -untranslated sequences, 3' 
untranslated sequences or an intervening sequence, 

30. The method of claim 28 wherein said, oligonucleotide 
is specifically hybridizable with a 5* cap site of mRNA and 
adjacent sequences. 

15 31. The method of claim 28 wherein said protein is 

intercellular adhesion molecule-1. 

32. The method of claim 28 wherein said protein is 
endothelial leukocyte adhesion molecule-1. 

33. The method of claim 28 wherein said protein is 
20 vascular cell adhesion molecule-1. 

34. The method of claim 28 wherein said oligonucleotide 
is administered in a pharmaceutical composition comprising the 
oligonucleotide and a pharmaceutically acceptable carrier. 

35. The method of claim 28 wherein the oligonucleotide 
25 is administered topically. 

36. The method of claim 28 wherein the oligonucleotide 
is administered systemically . 
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37. The method of claim 28 wherein the oligonucleotide 
comprises SEQ ID NO: 1, 2, 3, 4, 5, 6, 7, 8, 13, 14, 15, 16, 22, 
28, 40, 41, 42, 43, 44, 45, 46, 47, 48, 73, 74, 75, 76, 77, 78, 
79, 80 or 85. 

5 38. The method of claim 28 wherein at least one of 

the linking groups between nucleotide units comprises a sulfur- 
containing species . 

39. The method of claim 28- wherein at least one of 
the linking groups between nucleotide units comprises a 

10 phosphorothioate moiety . 

40. An oligonucleotide of claim 7 which is selected 
from the sequences in Table 3. 

41. An oligonucleotide of claim 7 comprising: SEQ ID 
NO: 31, 32, 33, 35, 36, 52, 53, 54, 56, 57, or 58. 

15 42 - An oligonucleotide of claim 8 comprising a sequence 

identified in Table 4. 

43. An oligonucleotide of claim 8 comprising SEQ ID 
NO: 50, 51/ 60, 63, 65, 67, 68, 70, 71, or 72. 

44. The method of claim 28 wherein said disease is 
20 allograft rejection. 

45. An oligonucleotide comprising SEQ ID NO: 1. 

46. An oligonucleotide comprising SEQ ID NO: 15. 

47. An oligonucleotide comprising SEQ ID NO: 22. 



48. An oligonucleotide comprising SEQ ID NO: 33 or 

25 56. 
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49. An oligonucleotide comprising SEQ ID NO: 50 or 



50. The method of claim 19 wherein the oligonucleotide 
comprises SEQ ID NO: 1, SEQ NO: 15, SEQ NO: 22 or SEQ ID NO: 

5 84. 

51. The method of claim 19 wherein the oligonucleotide 
comprises SEQ ID NO: 33 or 56. 

52. The method of claim 19 wherein the oligonucleotide 
comprises SEQ ID NO: 50 or 67. 

10 53. The method of claim 28 wherein the oligonucleotide 

comprises SEQ ID NO: 1, SEQ ID NO: 15, SEQ ID NO: 22 or SEQ ID 
NO: 84. 

54. The method of claim 28 wherein the oligonucleotide 
comprises SEQ ID NO: 33 or 56. 

15 55 • The method of claim 28 wherein the oligonucleotide 

comprises SEQ ID NO: 50 or 67. 

56. The method of claim 28 wherein said disease is 
psoriasis. 



57. The method of claim 28 wherein said disease is 
20 an inflammatory disease. 

58. The method of claim 57 wherein said inflammatory 
disease is inflammatory bowel disease. 

59. The method of claim 57 wherein said inflammatory 
disease is characterized by leukocyte infiltration. 

25 60. The method of claim 28 wherein said disease is 

characterized by metastases. 
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61. The method of claim 60 wherein said metastases 
affect the lung. 

62. The method of claim 28 wherein said disease is 
malignant melanoma. 

5 63. A method of decreasing metastasis in an animal 

suspected of having a metastatic condition comprising contacting 
the animal with a therapeutically effective amount of an 
oligonucleotide specifically hybridizable with nucleic acids 
encoding at least a portion of a protein which modulates the 
10 synthesis or metabolism of an intercellular adhesion molecule. 

64 . The method of claim 63 wherein said oligonucleotide 
is specifically hybridizable to a transcription initiation site, 
translation initiation site, 5 1 -untranslated sequences, 3' 
untranslated sequences or an intervening sequence. 

15 .65. The method of claim 63 wherein said oligonucleotide 

is specif ically hybridizable with a 5 r cap site of mRNA and 
adjacent sequences. 

66. The method of claim 63 wherein said protein is 
intercellular adhesion molecule-1. 

20 67 . The method of claim 63 wherein said protein is 

endothelial leukocyte adhesion molecule-1. 

68. The method of claim 63 wherein said protein is 
vascular cell adhesion molecule-1. 



25 



69 . The method of claim 63 wherein said oligonucleotide 
is administered in a pharmaceutical composition comprising the 
oligonucleotide and a pharmaceutically acceptable carrier. 



WO 94/05333 



PCT/US93/08101 



1/26 



o 
u 

H 
U 
U 
O 
< 

u 

u 
u 

t 



< 

< 
u 

o 
< 

H 

o 
o 

o 

H 

o 
u 

U 

o 
< 
u 

Eh 

U 

U 
< 

u 

< 

u 

u 
o 
u 
o 
o 
a 
u 
< 
u 

< 
o 

< 

U 
O 



u 
u 



o 
a. 



u w 

Eh E 



o 
u 

H 
U 
O 

O 
O 



a 

in 
.4 



u 
u 

H 
O 

u 

< 

o 
o 

u 
u 
o 

o 

u 

o 
o 

u 
a 
o 



a 

> 

a 

W 
►J 

< 

o 
(X 

w 

< 

o 
a: 
a, 



u 



o 
u 
u 



o 



U PS 

o w 

< CO 

u « 

a w 

< to 

u o 

U OS 

u 



u 

ID 

a 
< 



3 

< 

w 



Eh 55 



H O 

u a: 
u a 



o a 



u £ 
o w 

< to 

Eh CU 

< tO 

o < 

23 
S3 

u o 

Eh < 
O > 



a ps 
< >* 

£h Eh 



Eh £ 

52 



o w 

< tO 

23 



Eh 
< 
Eh 



O CO 

83 

22 



u 

3 



u ^ 

Eh O 

u a; 
u 



u 

Eh 
U 

O 

H 

O 



D 
W 
*1 

D 
W 
♦J 

3 



a to < z 



23 

sa 



23 



O 
H 



$ 

< 
> 



u a 

< E-» 
U D 

sa 

yd 

o o 

83 

u o 
u x 

U Ok 

o -< 
o o 

Eh >; 

a a 

< ^ 
o ^ 

H #< 
O > 

23 

U O 

u to 

O 

H U 

a o 

8 3 

< D 
Eh W 
U *4 



H 



O > 



u 
< 

u 
o 
< 



u E 



Eh 



< 
> 

3 



u 

< 



< ^ 

t;a 



o o 

u o 
o a: 
o o^ 

o o 

83 

ea 

< to 
o < 

53 

o o 
t> ffi 

U O 

83 

u to 

Eh U 
O PS 

a w 

Eh L0 
U W 
Eh ^ 

83 



Eh 
U 
U 

8 
8 



to 



CO 
H 

a. 
to 
< 



55 



< u 

23 



WO 94/05333 



PCT/US93/08101 



2/26 



33 
u o 



6 

U 

a 
u 
u 



o 

a; 



U X 
< H 



5 

< 

o 
u a. 
o D 

S3 



u 
o 

6 



H 

H 
H 



> 
W 

04 



< 
u 

u 

H 
U 

o 

s 

< 

H 

U 
U 

S3 

O < 

o OS 
u w 

U 0J 
U X 
< b* 



o 

D 
to 
•J 



H 
O 



55 

in 
< 

D 
►J 



H 
H 

O 
H 
U 



w 

X 

D 

to 



S3 

o a 

v cu 
< to 
o < 

bs 

u w 

H W 

H CO 
O >< 



U 
H 
O 

H 

a 

u 
a 
< 



> 

< 
> 



u o 

O X 

< H 

u 



o 

H 
O 

< 



IT) 
< 

> 

3 



to 

•J 

< 

> 



s 

< 



B 

u 

H 
O 



u o 
u o, 

o w 



u 

H 

o 

B 



•J 
< 
> 

W 
•J 



u 


o: 


0 


55 


u 


X 


<: 


a 


< 


r . 






u 




u 


O: 


s 




u 


s 










< 




u 


>: 


u 


35 


0 


•4 




r 1 




r n 


u 


O 




D 


u 


o: 


< 


♦J 


f 1 




r t\ 


r h 


u 


rz; 


u 


04 




< 




< 




f n 








O 


D 




to 


< 






»— 1 






O 


u 


< 




u 




U 




< 


< 


O 


< 






u 






3 


u 










c_ • 

r« 


u 


a. 






< 


to 


H 


< 


c 


< 


1 1 

w 




o 




H 




u 




a 


w 


o 


a 






o 




u 




H 


w 


H 


< 


u 








<< 




< 


0: 


u 




U 


w 


o 


< 




CO 




U 


*£ 


BS 


GC 


a 
< 


a 


10 




to 


< 








u 








u 






< 


H 


< 


u 




o 


> 


a 




o 




0 








u 


w 


s 






WJ 


u 




u 


w 


u 




H 


a: 


o 


< 


H 


Pu 


o 




u 


0: 


<: 


•J 


u 


to 


o 


O 




to 


o 




u 




u 


to 


< 


in 


H 


w 


0 








u 




H 


< 


5 




O 


> 




< 


< 


o 


0 




u 


OS 


a 




u 


a. 


a 




u 


to 


H 






nc 


< 


>• 


t: 




H 


H 




CD 
CD 

LL 



U CO 



WO 94/05333 



PCI7US93/08101 



3/26 



*H « 

U X 

< H 

u a 

CJ W 

< in 



u w 

< H 



CJ 

s 
a 

< 

82 



CJ 

o 
< 

o 
u 
cj 



Eh 



to 
>H 

u 



ea 

u « 

< x 

u <x 
o x 

< Eh 

CJ >< 
CJ J 

o o 

cj p 

< *1 
cj u 

Eh D 
Eh W 
U *J 

H P. 

< C/) 

o < 

< o 

83 

< H 

U ^ 
H < 

o > 



B 

< 

a 

H 

cj 



a: 



< « 

u w 

23 

a <j 

cj x 
a *i 
o o 

< M 



u 

Eh 
< 

U 

O 

< 



w 

> 
w 



3 



CJ CJ) 



Eh 
< 

Eh 



X 



o cj 

82 

u o 

U « 

u &: 
u w 

U D 

B3 

CJ ^ 
H < 
CJ > 



S 

o 

Eh 

O 

U 
U 
< 

CJ 



to 
< 

> 

X 
Eh 

•J 

> 



CJ E> 

o cj 
u cj 

83 



u 
u 
< 

u 

a 



Eh 
> 



a d 
< J 
o tj 

CJ X 

cj *1 

23 

U CJ 



2 3 
< »j 


< »J 


u o 


u o 


u o 


< « 






83 


< Eh 


o * 


u 2: 


52 


S3 




cj o 


< X 


u « 




r i n. 


U D 


< W 


B" 








u « 


CJ Eh 


< x 


H W 


tH fcH 


**i 


CJ PS 


D O 


U X 




< Eh 


U IX 


U OS 


a o: 


a w 


u X 


< CO 


< f« 


U D 




H W 




U 


o o 


U X 


< LO 


O ^ 




o cj 


2 



ss rs 



Eh 
U 
< 

u 



x 

Eh 

>H 



a cj 

CJ H 

£h W 

< S 



< 
< 

u 

U 



•J 
< 



a < 



< 

u 

CJ 

< 

H 
U 

CJ 
Eh 
CJ 



3 

< 

♦J 
< 
> 

< 
> 





L 1 




11 






s 


u 


< 


fH 


u 




u 


u 


u 


Eh 




(1 


f o 




11 




fH 


Li 






f h 


f 1 




\J 


f % 
w 


r h 


r i 


r ^ 


O 




H 


u 


O 


< 


O 


o 








< 




o 


S 


o 




u 


U 


u 


u 


CJ 


u 


u 




< 




CJ 



Eh 
O 
< 

s 

< 
u 

Eh 

O 
< 
H 
<J 



8 

O 
Eh 

O 
Eh 

S 

u 
u 

g 

u 

CJ 



H a 

U X 
< Eh 



u 


u 


CJ 




o 


< 


CJ 






CJ 


u 


u 


o 


u 


< 




u 


o 








u 


CJ 






u 






u 




Eh 




Eh 




g 


O 


a 




u 


o 




< 


o 


< 


u 


CJ 


u 


< 


(J 


< 


u 


< 


H 




u 


u 


B 


< 






o 








< 


a 




u 


< 


o 


o 




u 


Eh 


o 


o 


< 


CJ 


u 


U 




£h 


u 


< 


< 




o 


B 




u 




s 


CJ 


o 






< 


Eh 


CJ 




< 


o 


< * 




CJ 




< 




Eh * 


CJ 










U O 




< 




CJ 


u 




o 


CJ 






< 


t) § 


CJ 




u a 


< 






CJ 


a 


o c< 


< 


u 


U X 




<< 


< Eh 




Eh 




s 


< 


83 








Eh 


< 




U 


u 



ri 








V-/ 




tl 




c 




M 


c 






tl 


tl 






o 


u 


u 




u 


u 




f 1 
w 


9 h 


< 


CJ 


F« 








CJ 


\J 


r h 


CJ 


r . 


CJ 


CJ 


\J 


vJ 


CJ 


r h 

CJ 








vJ 


CJ 






5 


P 


u 




r i 






CJ 


Eh 




CJ 








B 


B 


1 


< 

U 


U 




< 


o 




u 


< 


u 


u 


B 


(J 


u 




B 


CJ 






CJ 


CJ 


CJ 





5 



3 



Of tnoTiTi iTr r- 



WO 94/05333 



PCT/US93/08101 



A/26 



u 


O 


U 


u 








o 






H 








r . 




o 


< 


O 


r . 

H 


H 




vJ 


r . 

H 


H 




o 


< 


O 


r . 


U 


o 






H 




H 


< 


% 




u 






u 


H 






u 








r i 


r > 
H 


r i 

v_/ 






r M 


o 


f h 
Vj 


r . 

c-i 




^* 


r i 




r i 




<, 


<• 




r , 
M 




r t 

vJ 


r . 


r . 
C -1 


r j 




U 




r i 


<* 




r i 


r , 




o 




U 


U 






< 


U 


H 


U 




r . 


r j 
fcH 


i f\ 


\J 


r . 
H 


r i 
U 




r. 










i n 

vJ 


\D 






ID 


r. 


r . 




< 


< 


O 


H 


r i 
vJ 


u 


f I 

vJ 


r ■ 


U 




(J 


H 








u 


< 








o 


O 


O 


< 


o 




H 


E-> 


u 


o 


< 


O 




o 


< 




< 


CJ 


H 


vJ 




(J 


O 


u 


< 


< 


o 


U 


< 


CJ 




H 


U 


u 


O 


o 


U 






< 


o 


U 


rt! 






< 




U 


O 




u 




H 






u 


H 


(J) 




u 


u 










o 


<* 


f n 






H 






r - 


r i 


O 


u 


< 




/ i 


< 


H 




< 


O 




O 








r . 


(J) 


f . 

fc™" 


f n 








Li 






u 


a 


H 




< 


< 


o 


U 


a 


u 








t_j 
r» 


r \ 


V-/ 


L 1 




o 


< 














H 

t 


u 


o 


o 




u 


(J 


o 


o 


KD 


< 


H 






H 


u 


U 




U 


< 




o 


< 




O 


H 


U 


o 


< 


H 






o 


H 


to 


(j 


(j 


C ' 










f ) 




r \ 




r n 


p n 


r i 


O 


ID 


o 




r . 


< 




< 


<. 


r i 


u 








r i 
\J 


H 




o 




r . 


U 


(J 






r i 

tJ 












o 




< 


u 


o 


< 


H 






< 




H 




o 


u 


H 


H 


ID 








< 




U 


O 




U 


% 


H 


O 




o 


a 


U 


< 


< 


H 


u 


O 


u 




H 


o 


U 


u 




H 


o 


H 


u 


O 


O 


o 


U 


H 




H 






u 



2 

LL 



.Q! IR.QTITl ITP Qi4£CT 



WO 94/05333 



PCT/US93/08101 



5/26 



< 

CM 

CD 

LL 



< 



o 
a 



o 

< 

< 

< 
o 

H 
U 

u 
< 
u 

u 
u 

< 

o 

H 
< 

u 

o 
< 
o 
o 
o 
< 

< 
u 
< 

< 

H 

o 
o 
< 



< 



u 
h 
u 

3 

u 

< 

a 
< 
u 

Eh 



< *H 
O -P 

< e 



o a 

H <P 

u fO o c u u 

U rH < -H U <d 



H U U 
O 0> < 
< W H <P 



u c 

< w 

< a 

< 3 

U rH 




Eh V) H -P Eh 4-> 



o o 
u u 

U Qi 



U > 



o to 

O rH 



O U <«H <W U rH 

Eh 4J u cm Ort 



Eh m 

U rH 
O «3 



Eh U U tn 
Eh 10 < (T3 




u u 

< >! 

H -P 



5 



C 



O GJ 
Eh rH 



< r-i 

o tr> 

< -h 

Eh 10 
U > 

H w 
U >, 

u 

23 

a Cn 
H >, 

U> rH 

O Cn 

O W 

< *H 
O J3 



U 
O 
O 



H U 

a a) 

< to 

o to 
o v 

Eh 10 

< U 

O JC 

< «P 

H C 

< <0 

< * 

u u 
o .c 

< <P 

H 10 
O >i 
Eh O 



O to 

U rH 

O fO 

< ti 

U JC 

< .p 



Eh 

O 
Eh 



2 JS 3 



w 

U 

c 

w 
(0 



O rH 
H Id 



ox: h -h 



25 

O CP 
O 3 

< rH 

U> o> 

H W 

H U 

O W 

2^ 

O D 

< >i 

H ^ 

a a) 

< to 

o o 
H a 
o >, 

O rH 

O Cn 

Eh O 
O U 

o a 

o a 

< w 



2 



to 
u 

V) 

>1 



O 10 



Eh 



U 



SilRRTITIJTE SHEET 



WO 94/05333 



PCT/US93/08101 



6/26 



< >, 

U U 

O 0) 

< W 

U 0) 

Eh jC 

H Cm 



U 

3 



< >l 

U CP 
H 0) 

O rH 

< o 
u u 
u a 

u to 

u x: 



o w 
o >. 

Eh U 

Eh rH 
Eh t0 
O > 

O 3 
H <tf 

U rH 

U Jh 
O 0) 

< to 

O rH 

O CP 
H 10 

u xz 

O 3 

< rH 

O CP 



o 
u 



o 
u 
a 



u u 

u 0) 



25 

O CP 

O 3 
Eh QJ 

U rH 



O 4J 

< e 

U Jh 

u x: 

< <p 

< rH 
O CP 



< 



u u 

o or 

< to 

u u 

o o> 

< tO 



< 
o 
u 



o 
u 
a 



o 3 

S5 

u u 

< >n 

O rH 
O CP 

O CP 
o U 

< fO 



a 
to 



Eh 
O 

Eh 



10 



u >h 

< to 

U QJ 
Eh rH. 

< -H 

O OJ 
H 10 

U 10 
O >, 
H U 

u u 

U O 



Eh W h W 



U 
H 

5 



H tO 
O >i 
H U 

(J? D 

< rH 

O CP 

H rH 
Eh A3 
O > 



H 
Eh 

5 

o 
o 

Eh 



> 

c 
to 

10 

u 



a oj 

O rH 

< o 

u u 

u a 



H 

< 



Eh O 
O U 

o a 
E-^ ro 

O rH 

o fO 

H M 

< to 
o a 

Eh «P 

25 

< >« 

O rH 

a cp 

U <U 
Eh tO 

U Jh 
O 0) 
H L0 



E- 

< 



H (0 

e> n 

< rH 

U CP 



U 0) 


< ^ 
U CP 


O rH 
H 10 
O > 


U >H 

< to 


u m 

U H 


o m 


< >, 

O rH 

a cp 


< 

(J rH 
O tP 


< w 

< rH 


Eh O 
U U 

u a 


O -P 
Eh 01 
< E 


H 10 

CD >i 
Eh O 


u c 




u x: 


25 

U CP 


O CP 


< o 
u u 
o a 


U 0) 

Eh x: 

Eh a 


Eh a 


o w 


H W 
Eh O 


O rH 

O CP 


o n 

< rH 

U CP 



5^ 

a cp 

U rH 

o > 
U 0) 

H x: 
h a 

o >, 

U rH 

(J CP 

H C 

< w 
< 

u fO 

U rH 

< o 
o u 
o a 

Eh C 

<; w 

< ^ 
u x: 

< -p 

O rH 

H fO 
O > 

H eg 

U rH 

h a 

< w 



O CP 

25 

p CP 
H W 
H U 

u a 

< 10 

a <a 

H 0) 

H x: 
H a 

< u 
u x: 

< p 

H W 
O >i 
Eh U 

U 

u x: 

< «p 

u x: 



u 

2 



o a 

o ^ 

H 4J 

< 0 

u u 

u a 



u c 

<: w 

u a 

< V) 

o a 
o ^ 
Eh V 

Eh C 

<J fO 

O >n 
O rH 
O CP 



Eh 

< 
U 
H 



U Jh 

u x: 

H W 

H u 



u 

c 



u u 

< 10 



£5 

u a 
u u 

U 0) 
Eh 10 

Eh W 

u x: 

O 0) 

< to 
u w 

H U 

O CP 
O >h 

< <0 



O 
H 

Eh 
U 
Eh 



U 

O rH 

e> cp 

H C 

< W 

< 10 

o c 

< rH 

U CP 



U 



U 
O 



CP 

u 



U fO 

O rH 

Eh 10 

o > 

O <0 

U rH 

O *0 

C O CP 
H O Jh 
CP < <0 



U V) 
Eh U 

< u 

< 4J 



< rH 

U CP 



O 4J 
H 0) 

< e 



u M 
u o> 



u a Eh to 

o c 

< rH 

U CP 



O >i u u 
Eh U U a 



CD 

CM 

(3 

LL 



^ iBSTi i 



WO 94/05333 



PCT/US93/08101 



7/26 



H 0> 
H J= 

H a 

H >i 

o tp 
o c 

< rH 

u tp 
o a 

< rH 

O CP 



H 
H 



u 



u u 

U <U 
H U) 

U 0) 

H x: 
H a 

a 3 

< rH 
U CP 

H W 
o >» 
H U 

U U 

u u 

U V 
H W 

a >, 
o cp 

H u 

< >, 

H 

H CP 
U U 

a * 

U 0) 
H -C 

h a 
h m 

o 0> 

< w 

u >, 

O rH 

o CP 
H M 

u o 

H W 
H 

U rH 

O rrj 

H U 
O CJ 

< W 



Si? 

< rH 

O CP 



U 

5 



u a 

< w 
e> * 

o a 

h -p 

< rH 

o >, 

O rH 

O cn 

< U 

U J3 

< <P 



H V) 

o >> 
H U 



a u 
u a> 

H W 



a tp 
o u 

< <0 


u 3 

< rH 
O CP 


u x: 
< -p 


H 

O > 


H W 
O >\ 
H U 


o a 
o u 

Eh .p 


H 0 

H rH 


U ^ 
< W 


r*S ' 1 

U CP 


H >, 

19 rH 
V-/ 1 

O CP 


U CI 
Eh jC 
Eh a 


< >, 

\J r— 1 

O CP 




o m 

U rH 


o c 

< rH 

u cp 


U 0 
U 

u a 


Eh W 

H u 


U 0) 
Eh W 


u o 
o u 
v a 


Eh U 
U <D 
H W 


< H 

< 


o c 

< rH 

U CP 


U U 
U 0 
H W 


U V) 
Eh U 


u w 


O W 


O 3 



O rH 



B 

Eh 



5 



U U 

< >i 
H 4J 

U ^ 

u x: 

< v 

U 0) 
Eh SZ 

U CP 

< >» 

O rH 

O CP 
H a) 

Eh rH 
<-H 

H 0 
U U 

u a 
u u 

o 0) 

Eh W 

H if) 

< *H 

u x: 

Eh (fl 
U rH 

O rd 

H w 
O >, 
Eh O 



< rH 

O CP 
Eh 0) 

O rH 

^5 

U CP 

< 4J 

< M 

u <y 

Eh W 

< >l 

O rH 

a cp 

Eh P 

< >» 
Eh -P 

< P 

H 0) 
H rH 

23 

O tP 



Eh 0) H rH 
H x: H 
na O > 



< >i 

O rH 
O CP 

< rH 
O CP 



B 

H 



u a 

H 4J 

U W 

< "H 

u x: 

< >i 

U rH 
O IP 

o x: 

< 4J 

U rd 

U rH 

< 

O CP 



H 

U 
H 



>H 

u 



< u 
u x: 

< v 

o tP 
u m 

B5' 

< id 

UH 
O «J 

U 0) 
H W 

U >i 

O rH 

O CP 
H C 

3(0 
f0 

O 3 
H O 

U rH 



o a 

H «P 

< >1 

O rH 

O CP 



H 3 

O rH 

O CP 

B'5 

< rH 

H <d 

a > 

H 0) 

H rH 
U 0 

u u 
v a 



< 

u 
u 

H 



< rH 

O cn 

B^ 

< -P 

u o 
u u 
u a 

Ch 

O CP 

H W 
O >• 
H U 

U Jh 
U -C 

< P 



O U HO 

u x: u u 
< v u a 



< 3 

B^ 

H 0) 

O rH 



u a 

< w 

U 0) 

H w 



< w 



o w 

H U 



h (0 O CP 
UH o u 



WO 94/05333 



PCT/US93/0810I 



8/26 



Q 

CM 



< 

u 
u 

o 

H 
< 

u 
< 

B 

U 

u 

H 

B 

H 
O 
O 

u 
o 
o 

B 

H 
U 
H 
O 

U 
H 

U 
U 



H 
U 

a 

< 
< 

u 
< 

< 

< 

< 

< 

H 
O 

O 
H 
U 
< 

U 
< 

< 

a 
< 




WO 94/05333 



PCT/US93/08101 



9/26 



< 
u 
o 

a 

< 

< 
H 

H 
O 

s 



< 
U 
O 

$ 

u 
o 
< 
o 

H 

o 

H 
O 
H 
O 
(J 

e> 

H 
< 

< 

o 
< 

< 

o 
o 

H 
U 
H 
U 
O 
H 

U 

o 
< 

H 
H 
O 
H 
< 
H 
O 
H 
U 

H 
H 



U 
H 
< 



< 
O 

O 

a 

H 

< 
u 
o 
< 

H 
U 
< 

< 
H 

< 
U 

u 

H 
H 
U 
< 

(J 
< 
H 
O 

u 

H 
O 

U 
< 



< 

U 



< 
U 

H 
H 
< 

o 
a 
< 
o 

H 

H 
U 

u 
< 
u 

H 

u 
o 

u 
< 



< 

Eh 
< 

U 

s 

5 



< 

u 
< 

H 
H 
H 
< 
H 
U 

U 
< 

< 

u 

H 
< 



$ 

H 

H 
< 
H 

H 

< 

< 

< 
H 

< 

H 
H 
H 

S 



HI 
CM 

LL 



WO 94/05333 



PCI7US93/08101 



10/26 



U 10 

U «H 



< 
< 

cos 



■ u 

o 
o 
< 



g 

o 

U 

u 



< 

5 

o 

U 
O 
< 

< 

u 

H 
H 
U 
O 

8 

u 
< 
u 

H 
U 

u 
o 
o 
o 
u 




QS IP.QTITI ITP 



WO 94/05333 



PCT/US93/08101 



11/26 



00 

CO 



H C 

< w 

< fO 



o 

H 
O 



H ^ 

< -H 

o > 
IH 

U x: 

H C 

< W 

< f0 

o w 



5 



u o 

U tH 

u a 

< u 

U 0) 
H w 

< OJ 

H rH 

u u 

< >, 

U *h 
H ro 
o > 

u CP 

£- <D 
H rH 

25 

O CP 



< <H 

(J > 

H ro 

U iH 

O ro 

o c 

< -H 
U CP 



< 3 
H 

O »H 
U CP 

O 3 

< -H 
O CP 

U M 
O 0) 

< w 

o u 

U 0) 
H i/) 

O >, 
H U 

U >h 

o x: 
a 4-> 

< E 

U in 
U -C 

< -P 

O rH 

H ro 

e> > 

U 0) 

u >, 
o rH 
O CP 

H >« 

O «H 

O CP 

25 

O CP 

25 

U CP 

H 0) 
u rH 

25- 

< u 

U JZ 

< v 

u u 
u o 

< o 
U u 
u a 



H 



U rH 

u i/) 

< *H 

u x: 
o c 

< H 
U CP 

< D 

H 0) 

U rH 



c 

ro 

a 

O <0 

< D 

H QJ 

H rH 



5 

< 



2 

< 

a 

3 



in 



Eh ^ 

< tn 

a a 

h -P 

u a 

H x: 

e-» a 

H ^ 

< *H 

O 3 

O CP 



u 



u a 

H to 

U rW 

O (0 



< 

u 
u 



o 
u 
a 



H u 

O rH 

H »0 
O > 

H U 
< >. 
Eh 4J 

H 0) 

h r-i- 
< 

U rH 

O CP 



H 
U 
Eh 

< 



a 



CP o ro 



3^ 

O CP 

O 4-> 
Eh <D 

< £ 
O CP 

a ^ 

< ro 

E-t <u 

< E 

Eh ro 

U rH 

O ro 
H 0J 

H rH 

< -H 

< 3 
[H rH 
U Jh 

u x: 



u 

H 

u 



Eh U 

a x: 

< v 

< ro 

U rH 

O ro 

H C 
<C I/) 

< ro 

< 

O rH 

O CP 



U rH 

h ro 

a > 

H ^ 
U o) 
Eh W 

U U 

< w 

O rH 

a tp 
H c 

< ro 

O rH 

H ro 
O > 

u o 

E- W 

U rH 

u >. 

O rH 
O CP 

H 

O rH 

O CP 

H U 
O QJ 

< W 

a -m 

H 0) 

< E 

O P 

< rH 
U CP 

U Q> 

S3 
33 

O CP 

< 0 

u u 
u a 



a 



O ro 



< 

h 

U 
U 



CP 

u 

ro 
0 

a 



O rH 

O CP 

o w 



H 0) 

U rH 

< a 

53 

O CP 

H 0) 

Eh rH 
< 

O 2 

< rH 
O CP 



a 

E-» 

u 

a 
o 



CP 
U ro 

a q* 

< w 

O ro 
H O 

U rH 

O O 
U U 

u a 

a m 
< 

O rH 

o > 
u ^ 

< w 



a 



u a 



H 



>1 



5 



o 

Eh 



u 



u u 



a) 



< v 



Eh 

a a) 



15 CP 

a u 

< ro 



3 



U CP 



U Q) 

EH rH 
< *H 

u u 

Eh W 

U U 
U Q) 



U 
U 



O 

>H 



u ^ 

O Q) 

< W 

U rH 

H ra 

O > 

H a) 



U rH 

H ra 
o > 

o x: 

< 4J 

< U 

u x: 
Eh a 

< V) 

O ro 

< CP 
o ^ 

< ro 

U O 
U U 

u a 

U ro 

U -H 

O ro 

la 
O > 

Eh C 
*£ W 
<< ro 



O 
H 
O 

Eh 
< 
Eh 

Eh 
Eh 

u 



rrj 
> 

U 

a 

QJ 



< U 

O JC 

< 4-> 



to 



o o 
u a 

H ro 

U rH 

O ro 

Eh O 
U U 

u a 

H d) 
H XT 

H a 

U >, 

O rH 

O CP 

o c 

< rH 

U CP 

u u 

O CU 

< W 

O 3 
H Q> 
H rH 

U W 

a >i 

H U 

< u 
u x: 

< -p 

< e 

Eh C 

<; w 

< ro 

0 rH 

H ro 

a > 



(J 



< w 

U >i 

O rH 

O CP 

3^ 

O CP 

< -H 

<J> CP 

O 3 
H 0) 

U -H 



WO 94/05333 



PCI7US93/08101 



12/26 



u U 



O A3 



H to 
H 0) 



H 


V) 


u a 










f i —i 




0 




iD (0 




In 




r i o 
fcr< &• 


u 


0) 


O l 




h» 


to 


o 




u 


0) 


< 1-4 




H 


rH 


U JZ 




< 


•H 


< -p 




U 


0) 






H 


r-l 


< «H 


H 0) 


*< 


■ H 




r-H fH 


o 


rH 


O «3 


o c 




03 


U *H 




f i 


-> 


1 1 m 


(j m 


H 






U A3 


u 


x: 




U rH 












Q, 




o w 


< 


W 








IU 


r i 




< 


>i 


o in 


< D> 


o 


rH 




O r-l 




m 




U 


< 






L> 0) 


< 


<H 






o 


CP 


U rH 


< «H 


5 


t/) 


U QJ 


U U 


i 






f v 

L> X- 




rH 


< *r-i 


< P 


u 


i — ( 


J ^<* rll 

<. CI) 


r , i 
M M 


H 




r, 


**. ?S 




> 


< -H 


H 4J 




u 


O CL 


(J fl) 




0) 


O rH 




< 


10 


H «P 


o fa 






< Jh 




< 




U x: 


O rH 


to 




< 4-> 


O CP 


H 


J-l 




H a 


U 


0) 


< 'H 














o 


< o 


< <D 


U 




U ^ 


H rH 


u 


a 


u a 


< -H 


H 


o 


H «H 


H r-. 




x: 




U 0) 




a 


u > 


H W 


H 




H C 


< w 


O 


rH 


<; i/j 


< >, 




03 




< rH 




U 


< 


< 3 




r. 


O rH 




< 






U r-C 


H 




H w 


< 


H 


a 


o 




(J 


rH 


H u 


O > 




t/) 


< u 


< U 






u x: 


u r 


< 


rH 


< 4J 


< ^ 




WO 94/05333 



PCT/US93/08101 



13/26 




WO 94/05333 



PCI7US93/08101 



K/26 




15/26 




SUBSTITUTE SHEE1 



WO 94/05333 



PCT/US93/08101 



16/26 




El CONTROL EZ3 1 aM CMPD 2 

FIG. 6A 




0 0.01-ng/ml 0.3-ng/ml Ug/ml 



[S3 CONTROL EZZ11 aM CMPD 2 

FIG. 6B 



SUBSTITUTE SHEET 



WO 94/05333 



PCT/US93/08101 



17/26 




WO 94/05333 



PCT/US93/08101 



18/26 




OLIGONUCLEOTIDE (ilN) 
• 1570 o 3067 v 1931 □ 1932 
x 1939 0 2307 a 2302 * 1938 

FIG. 8 

SUBSTITUTE SHEET 



WO 94/05333 



PCT/US93/08101 



19/26 




0 .0.5 1 1.5 2 2.5 3 3.5 
OLIGONUCLEOTIDE 



• 1570 
□ 1821 



+ 1939 
o 2302 

FIG. 9 



a 194-0 



SUBSTITUTE SHEET 



WO 94/05333 



PCT/US93/08101 



20/26 




SUBSTITUTE SHFF1 



WO 94/05333 



PCT/US93/08101 



21/26 



30 r 

ca 25 ■ 




FIG. 1 1 



SUBSTITUTE SHEET 



WO 94/05333 



PCT/US93/08101 



22/26 




-50 



0.02 0.04 0.06 0.08 
OLIGONUCLEOTIDE (iiM) 



0.1 



0.12 



• 2679 



+2674 



^ 2673 



□ 2687 



x 2686 



02683 



AI57KICAM-1) 



FIG. 12 



SUBSTITUTE SHEET 



WO 94/05333 



PCT/US93/08101 




WO 94/05333 



PCT/US93/08101 




SUBSTITUTE SHEE1 



WO 94/05333 



PCT/US93/08101 




SUBSTITUTE SHEE1 



WO 94/05333 



PC17US93/08101 



26/26 



2.50 




FIG. 16 



ci is err; f \rz QmC™ 



INTERNATIONAL SEARCH REPORT 


International Application No. 
PCTAJS93/08101 


a rf Accurcr' ATION OP SITRIFPT MATTER 

IPC(5) : A61K 48/00 
USCL : 514/44 

According to International Patent Classification (IPC) or to both national classification and IPC 


B. FIELDS SEARCHED 


Minimum documentation searched (classification system followed by classification symbols) 
U.S. : 514/44 


Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 


Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 
Dialog & APS "hybridization", "triple-stranded-, ICAMM-1 "ECAM-1", "VCAM-1\ "antisense", therapy 


C. DOCUMENTS CONSIDERED TO BE RELEVANT 


Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


X 
Y 

X 
Y 


Chemical Reviews, volume 90, no. 4, issued June 1990, Uhlmann 
et aL, "Antisense Oligonucleotides: A new therapeutic principle", 
pages 544-584, see entire article. 

Journal of Biological Chemistry, volume 266, no. 27, issued 25 
September 1991, Chiang al„ "Antisense oligonucleotides inhibit 
intercellular adhesion molecule 1 expression by two distinct 
mechanisms", pages 18162-18171, see entire article. 


1-5, 9-14 

16-18, 26-30, 34- 

36, 38, 39, 53 

1, 2, 4, 6, 15, 19- 
22.25.45.46.50 


7, 8, 31-33, 37, 
44, 56-59, 64-66, 
69-72, 74, 76 


[x] Furtl 


ter documents are listed in the continuation of Box C. [ | See patent family annex. 


• cZJLi — *T bio* document publkhcd titer the mrenabocmJ fUin* dale or priority 

Spcc*l catefooe. of c*«l doamenfl. date •ndootBConflkiwrth the w lx«tk^ 

"A* doomed defaiaf the |cna«l of Ac it which ■ not considered principle or theory uadertym* the invention 
to be part of ptitkaikr rekrvMkoe 

^ . f _ J 'X* document of particular relevance; the claimed mventooo cannot be 
earlier dooanent publiAed oe or after the miernatxmai filinf dmte cooikierod navel or cannot be considered to involve an inventive itep 

•L- document which may ihraw doubt, on priority cWd*) or which b ****** d <™* » ^ 11006 

cited to eatabliah the publication dale of another crtatoon or other , y . document of particular relevance; the claimed invention cannot be 
special reaaon (as speci5ed) conaidernd to kxvotve an inventive ftep when the document b 

•0- too— I re/crrin, to « o«l d«ek»m. »e, «h**io. or efer combtad m-i* one or oto «* ioeuno-.. «ch comb****. 

beBfobviow to* pciMO skilled m the ut 

meant 

'p* doexment published prior to the nlernatiooal ftling date but later than documet* member of the tame p*teot fmmiry 


Date of the actual completion of the international search 
16 NOVEMBER 1993 


Date of mailing of the international search report 

DEC 02 1993 


Name and mailing address of the ISA/US 
Commitaioner of PttenU and Trademarks 

Box per 

Washington, D.C. 20231 
Facsimile No. NOT APPLICABLE _ 


Author officer Jfa 

SUZANNE ZISKA ^ ■ J^^Vj? 
Telephone No. (703) 308-0196 1 / V V 



Form PC17ISA/210 (second sheet)(July 1992)* 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/US93/08101 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



Cell, Volume 59, issued 22 December 1989, Osbom et al .. 
"Direct expression cloning of vascular cell adhesion molecule 1, a 
cytokine-induced endothelial protein that binds to lymphocytes,", 
pages 1203-1211, see entire article. 

Science, volume 246, issued 08 December 1989, Rice et al., "An 
inducible endothelial cell surface glycoprotein mediates melanoma 
adhesion", pages 1303-1306, see entire article. 

Science, volume 243, issued 03 March 1989, Bevilacqua et al. . 
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receptor for neutrophils related to complement regulatory proteins 
and lectins", pages 1160-1165, see entire article. 
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BOX H. OBSERVATIONS WHERE UNITY OF INVENTION WAS LACKING 
This ISA found multiple inventions as follows: i 

I. Claims 1-27, 40-43 and 45-52, drawn to a first product, an oligonucleotide, classified in Class 536, subclass 24.5, 
for example, and a first method of using the first product, classified in 435, subclass 172.3, for example; 

n. Claims 28-39, 44, 53-62, drawn to a second method of using the first product, a method of treating an animal 
comprising contacting an animal with a therapeutically effective amount of an oligonucleotide, classified in Class 514, 
subclass 44, for example; 

IH. Claims 63-73, drawn to a third method of using the first product, a method of decreasing metastasis in an animal 
comprising contacting an animal with a therapeutically effective amount of an oligonucleotide, classified in Class 514, 
subclass 44, for example; 

IV. Claims 74-76, drawn to a fourth method of using the first product, a method of treating psoriasis comprising 
contacting an animal with a therapeutically effective amount of an oligonucleotide, classified in Class 514, subclass 44, 
for example. 

The inventions listed as Groups I-IV do not meet the requirements for Unity of Invention for the following 

reasons: 

Each grouping of claims forms a separate invention not linked by a special technical feature within the 
meaning of PCT Rule 13.2 so as to form a single inventive concept. PCT Rules 13.1 and 13.2 do not permit multiple 
distinct products and methods within a single inventive concept. 
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